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— J&S. Ir,Mn i0 o-x (it. xliat%t, 
2^x^8 OZffi&T&mT&Z,) T'^$tl-5 I rMn 

nmm2] mxmi$mv>&&&&mxfc-ox, ta 

15 I r Mn 6(CN i. Cu, Ta, Hf, P 
d, Ti, Nb, Cr, Si. A 1 . W. Zr, Ga, 
Be. In. Sn, V. Mo. Re. Co. Ru. R 
h, Pt. Ge. Os. Ag. Cd. Zn. Au. N0 
ff^?.ISnfc'M<i:t)ll*. I rMn-£r£l 0 0 
a t %tC*tbT5 0 a t %UTF£-atJ C t&%f'$k£-?Z> 

crt*Ji6] m*msnm<n3cWi@i&mxfc^x, m 
tec o&s&te-z *>\zp d^ts^t^mmtr^m 

[«*«7] mxmimmvicWi&'&mx&ox, m 
[«*«8] m&&wwktKm&&fcm*mmvxt£ 

figiC. Ir»Mn 10 o-x"CSStl5IrMn^# 
^xiJa tomi c%T^oT. 2^xS3 
5:fe=ktf 6 0Sx^8 0©-5*.^Tn^— 

nmm i o ] mxm 8 fawox^^T^^ t. 
itiEx«5^x^3 5 zm&irz>mx$>z> z tz&mt 

[si^isii] fem&fcmtRfamvtfomzmmLx 
tzz$i&i&&mx$>-?x, mmK^m^m^ 

(l t x - Un i - x - ) ioo-^Fe y tl-5 
I rMnFe^f-S;*). S*. x ' (ilMTitT&o 
TO. 02^x'^0. 8 0 Zmg-tZtkM. yfiat 

%, o<y<3 ozffi&r&mx&zzt&i&mtTz 
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c«*ji 1 2] it^jg i §mo&m&<srmx$>ix. 
maimiz) m^m%mm<n^mm^mx$>^x, 

[fit*J£l l 4 ] if l l sa«05£&i£S£BiT& o 

io t. mttfeMftfcmtmmTz&M&fomtf, mm& 
mxm 1 5 ] m^m i ismw^^^t. mm 

Ac & © ttffi £ £ JI«TT 3 ;i £ £ i: iT <£> S&Svffiin^ 
[0 0 0 1] 

[0 0 0 2] 

LTte8 0 a t %N i - 2 0 a t % F e (jtffr ; >\— 

cnt^^^iN-iLT. g*«Si»&3l£^T (C 
.30 o/Cu) n#<7)AXt&^^Xt:>/\Vl/y^ffiS$ 
tlTl^-5. 

[0003] z.nb<Dum^m^tcmm.i&in. 

> y X^ffl ft CD 5 TA S & t & o T *> K) , 

Mffita^si^WKffrs^ffi^a^^ft^nT^ 

^.o -to— Pfc5liKtt(*:JKT»saS[^ta!i*JI!ti:R» 
«tt#it«!:03S«il6^*fiJffl UT»550a6iSa*JI«o»K 
Sr«f5t*IfilCft!l»-r«)*iS^»0. i!CTOS5i»tt# 
^iLTIir-FeMn 0 E < » ^tlT 

40 US (££;L«\ *B#M : m4 1 0 3 3 1 
#WffS5 3 1 5 4 6 8^) . 

[0004] iE^xux¥>/vi7mv>m.&m 

MT*k SSWttMt LT r - F e Mn^^*^< 
^fflStlT^-5. 
[0 0 0 5] 
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[0 0 0 6] Sf;r-FeMn^bftl»railtfl: 

t^^j-iS^it^IiLH^ r-FeMn&M® 10 
ftSttt X -s 1 n 5 ffiB#& -5 . 

[0 0 0 7] Sfc. «*.fcf#B|iBafSS4 1 0 3 3 1 5^ 
iCtt, ESittMtLTPtMn, RhMn^Mf 
r - F eMn^W®i(?r-MnM^l*« 
*\ K<ttt*©N i O^fSfflVifc^ffetcM^sn 
L^-Std. Ctl^PtMn, RhMn^Mf 

Sft:*g5ft«tt#J«ttJtt5g3tttK:*0. 1 0 0tH±S 20 

a. ua>*>. NiowtMtttMjS^B< 1 d 

©8B#^ ^IMI*$ D ttJ-T C t^T^^lifc*^ 

[0 0 0 8] SSfc*a«fW^5 3 1 5 4 6 8#tCtt. 
-Mn^TS5S«tt#:JBISJgfi)E-r-5t. fiSWrfcR 

[0009] u^uftjjus, co.t'S^sttaittfrffluc: 30 

Ol^TfcL /£BgL-7t££ (as-depo. ) W^ffiT 

[0 0 10] ±»Lfci-5K. S3S«ttfl£fflttt, fctA 

KWIBtf* 0 . flilRtt© 

[0011] ^Oct^/i^BtcM^-r-sfe^ 
istzm*&&mmzfrtzvTmzz\£<D-vg2>mm&tti 50 
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[0 0 12] 

it. Ir^Mnjoo-.Tl^IrMnM!!^ 

[0013] *«wic«*ig2©3aiM6£Bm. s^a 

T, ffirfEK9a»tettJg|#. ftSt, Ir x Mn 

atomic%T*ot, 2 ^ x ^ 3 5 0 ^ x 

[0 0 14] *Sll:#sS3ffl^i^K(t fr<m& 

T. *H2S«H»ttffJR^, -RiS (I r - Mn 
i-x-) ioo- y Fe y Ti?tl5IrMnM* 
£&D> x ' ttjg^f JtT&oTO. 02^x'< 

0. 8 0 S»JSr*»fll. yttatl 0<y<3 0£ 

[0 0 15] SS»C*56M©l8S[fiS[S&** : Ftt. 

fefcm izmwt £ mnir ztzisbv) mm t & jwt-t & ztz 

[0 0 16] -rtat>**5tm\t* 3c«I^JKl3*3tt-5S 
9§«attft:«lJC«pj£©ISil*ifi^ififili**-rsi rMn£ 

[0 0 17] JUT. *fSHIi£ffiMMcRijliT*. 

[0 0 18] *3£W£«*fS-©£8|»^ljttt. I rM 

$ n&aS?M*jt £flf x. 5 1> ©T & -5 „ 
[0 0 19] lOtt, #fc^&< <tt> l«M*ffitat# 
S*©*S***ift£#U *Oilij5K*M r x Mn 
a oo-x (2^x^80) T-^$tll> I rMn-^^ 

[0 0 2 0] I rMn^tt, ffi^Sl^S^CD 

[0 0 2 1] «rC«a»S[3a*«tLTO«l« 
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-T* I rMnMB, m%mmzM>b&Jj 6 
£14©,&Tfcff£LU 0 

[0022] a»ic, ifrCME:£ii*©*sa«it*w-r* i 

rMn^li, cttiraitfflfefg&Oltc/a* 
1. 3 5 5 t*#fc*€rt^Aa«|^0»T3£«:?J«tt 
0. 3nm*lT. -KlcK^ffc^O. 3 5nmSS 

1 ©£&ifg£jglTte. *-©*SB*ifiW<± io 
ft Lfcffi0B»fcjfc&il*T* *<!:£*>{;:. Ir^Mn 
aoo->c (22x^8 0) T'SSnSM^f n I 
r M n &&W%.%tm&fomizm ^6*1-5. Mt^tlll 
I rMn^WI r «3j*i>ftV»<MtTtt-tOiMttt3J* 

$*a>6T&-5„ &:J3#fglKtC*3v>T. £bfCff£L^ 
I r Mn^OMIlli5^xg4 0T*5. 
[0 0 2 3] «ft 2 ®£*|&6«ttt. Jx&SB 

T. fltfEE»ate#J»#. tef£^-j£it. I r „ M n 20 

2#>6 3 5 a t %©f6fflf»3#>. 60^680at% 

S. 1 rMn^ii, -ft;, 3 5 < x < 6 0 ©ffljjJclg 

[0 0 2 4] IfaiioT, #ffil3l!lc«*£2©©£Slte 
^•ItiCfe^Ttt, Ir,Mn l0 o-« (2^x^3 
5, 6 0^x^8 0) . £6 fete I r x Mn, o o - ~ 

(1 5^x^3 5) -?m-2tlZ>ffi.l$.<D I rMn&^l 

t»ac:tA««to*f*u^. 30 

[0 0 2 5] tctzV. »a*ift«*iS^5ll^a*T?**C 
u&froi^Fe, Co, NiKtiec^MifSi 
#:t-T-5fiS^ffifex^*K©Ji{C, I rMn^Mlt'^ 
*->WP«t;:jfcB3ii:*«£fc£tt. 35<X<60» 
«ftJ*ttfflTt>ffii£>3t^«*©*S*#|ja&#-r* I rMn 

[0 0 2 6] t&*3^*IiSTH, ®^5t^ft^©Mffi 

rMn^±MLfcJ;5! > j:3 5<X<6 0oa 40 

[0027] *&w\z%z%i3<D$imm&m\z&Kz>& 
smafcmte, -jRa (i r x -Mni_ x ■> 

joo-yFe^. :^Tx ' ttUB'itT&oTO. 0 
2^x'^0. 8 0 Zffi&?2>&m, yttatfc, 0< 
y<3 0€i£t5It*5. 

[0 0 2 8] IP'S, *56Wfc«*»3 0X8HS^J«K*J 

^*s»«tt*attt. *f£Wfc«*fs i 

WLTFe^iDPLfc^«*^4^ 50 
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[0 0 2 9] iCTx'fflMO. 0 2&>±.fTZ>m& 

H. 0. 0 2*ffii I r $'M<t§tS#«ttI©l 
fttttfflTFU 0. 0 8£fi*.T I r^<«c*tSH 

Dff^Lv^Bte. 0. 0 5^x'^0. 4 0T*5. 
[0 0 3 0] F e ttg«ltt#I©5S8tt#Ii©fef 

5. <1L- y#3 0££Uitc&*£ffifctett;*:$<<gT 
T*fe«6ytt3 0*}ifr*. cfc9ff3;L^y©«ffl 
te. 0. 01^yS2 5T*5. 
[0 0 3 1] *«lWK:«*m3©£«tt£ffl|K:*5HT 

M^T*it)ffl^S:^a (fee) fiStts^tW 

S6tC*^©l5U6^«Ttt, 3£J&14#: 
IK. Rfemfefomtb (111) HEft£UTi>*fc* 

iz&zm i 2 (D^m^miz-D^xmmLrzJ: 

o\Z. Ir^-Mrii—^- ^-&&te. /t^Tte. 
0. 3 5<x"<0. 6 0 ©^fflT*6lE^ra ( f c 
t) ^itSr^rf-S. ^©B'biE^a© I rMn !£"□&© 
*&T£gCate0. 2 7 3 nmi/jNS< 1 c/a©i£#? 

I. 3 5 5tM0^K — ^rB'tiC^ffi (fee) 
flliftS^rr^^ftffiKttft^ ^Sfe a # 0 . 3 5 n mttft 

£©£:£>, (I r ^ - Mn j _ x - ) 
,oo- y Fe y (0. 35<x"<0. 6 0) 

s< . +»^3?iftig^* z. ttfmmiztjiZ t^m 

[0 0 3 2] flL, ^©.fcofcO. 35<x'<0. 6 

0 ©teffl© ( I r ^ - Mn ! _^ - ) 100 - y Fe y 
£&T?t>. ffl^SH^aflljSSrWT-SCu^fW^F 
e, Co, N I*cn&©£&*±fls£-r*a«l»ifBB 

[0 0 3 3] £fcff? 3 03tjft»*ilt*V»T. ( I r 

#:M©^/?^r|o](re5 F e©jg*^«, Tfc. ^ 
^- (*&(£^Wffil) TbJ:V>. K^ffiS14#:^© 

[0 0 3 4] fcfc'L, X»»£#:fe±tf»£tt©«j&d> 

F e SSft©^t© LtJ^c t>. aaEW&*<tTt> «kt» 
[0 0 3 5] a6lC**l|iC«*JBl, Jg2*S«fctflB3 

rMn^CML, Ni, Cu, Ta, Hf, Pd, T 

1 , Nb, Cr, Si. A 1 . W, Zr, Ga, Be. 
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In, Sn. V, Mo, Re, Co. Ru, Rh. P 
t, Ge, Os. Ag. Cd. Zn. Au, N^ti:©^ 

[0 0 3 6] ?tet>ttSfflK.&Vf&&W&&1*m*. 

±a!Lfcjir) »is**rT*i fmh^m 

[0037] tzfcL. mmfi&tf&wz&mizmiiatrtf 

•5<75T» ;m<=>CDg5-£*i I r x Mn :1 o o - « (2^ 
xS80) TSSn&i&J&Kl&LS 0 a t %&TF, $ 5. 
!C$fSL<(iCu. Ta. Hf. Ti. Nb. Cr. S 
i . A 1 , W. Z r , Mo<5«^3 0 a t %J^T, NT 

[0 0 3 8] Sfe^3c02£^te-&^{C*3tt-5 I r Mn F 
e^&lCttLTfcllUT. £ne,©7ci?i©gsttAfi5 0 
a t %*aA*«tS5*tt^«t©3?lft«'&**»fiT-r*. 

[0 0 3 9] *fc*%W©JE*IS^*Ttt, I rMnp 
& (I rMnFe^W<*t) rt^fc-SS&fiBttft: 

«t©*i>ft < 1 1> i ff*t«iijiaswr* :t#ffs L t». 

[0 0 4 0] ^t*5*^BJC0J:f,(C, B<C,\Sfc#S*©*&a 
8iift£*f-f 5 I rMn^tSSattM^^fiSTSi 

E9*«tt#«S»fjEUfcit»Oa s-depo. 
«ft«ii*=F«a'Jttd«3ElEMT*«t>«)0, 10O-3 

o ov.m.mnmmm^mrz.fvms.m, amnzuc 
u 3 Auaoaiij«*^)tRb#*. sfciut, £<z>«fc 
o &a»jffl<o4*ttx«iHifif t»«t -r «. c t \z& o 

lCfl|^T#-5o 
[0 0 4 1] #3S9iK:Stt*3aate#Ktt#l;:IB 

mt<Dti&-&&&<D&i;#$i U\ H&lWcte. Fe. 
CoMN i ©4>&< <hfc liStft4^S±#i 

F e*»frStlTt»*t5SKtt#;«tS!filBttft:|Rt©S! 

*te£a*±€r<T*±T#*i-(?*5. 

[0 0 4 2] L#>L&^<=>. #CCo|i5^JCo^ 
&©iiSIMII)i£WT-5 I rMnMii^&SEtlttft 
<D7o y*>!fMm<Dft%Km\,*&m%i-&m*&Z>Z\£ 



(5) ft|JB¥ 9-148132 

8 

#T€£. 

[0 0 4 3] 8SU^8MU*£l-TCo*£&a 

ttM<h c usisattuafo^iiistrsAi^tt 

K/cCf^ffl-r-SP^Tfc^lttCjfjgT^-S. 
[0 0 4 4] ±fH©±?&^««ig£#T&B»ffift^ 

[0 0 4 5] flIAtfN i Fe«ttJRtCu#«ttl)l<tO 
10 #B1tigiCte^T«. NitCui^SgSTW 

0t:^«©MSi'Bi$tl^tN i F ettfflBI£Cu#tt 
Cu*«ffiRt©*)i«ifiC*ViTtt. Co£Cu£*t 

^xm.mm$i$mtfi3 5 orsgsTjp^^nTfc, 

[0 0 4 6] ft:fc#§£BjTte, C o &-£3TLfcU5JHB14 
T*-S. 

[0 0 4 7] *fcE©£*K«HBtt^*illCi*trJ:S 
(C. C o£^#L&^Mtt#:flI£. Co*5WiCo 

[0 0 4 8] $?,(C*%BJ(c4ot/iT«. ^att#:M©iiH 
30 ftl-&^r$-l±*Ctt)T€r4. lfcNiFe«M)5>6ft 

£©#®ifi&£BE-&£ftttfcfj;^. 
[0049] tz&*%wiz&tf2>Rmm&fcm<!>mm 

£> 1 5 n mJJTF. L < 1 0 n mKTT 

■z*>iz%im&#mm : bmm<Dm& 

[0 0 5 0] S6t*a?8JC*Jt«Xiftte^M0KiS« 
50 [0 0 5 1] ^fEMOXlftlS^Bttt. X/ty* 
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[0 0 5 2] fc*5, COR, BttttttKeFetfdSft 

[0 0 5 3] ±K©«k5fca«tt{MBa>SK3SK 
tt#K^l6l*oTFe CD&ft£?iJffl IT. ^JK^Kt 
Fe^tftVM rMnHi^»iLfc|l:7r-W 
«Jltk:«tr)*aMCff-5a5 3©SfifttS^J«0 I rMn 

ttftliFemWn rMnE3S«tt«:fll©MCF 

Z\tlZ£D I r Mn F eJE^ffiStt#St*ffMLTfcct 
U„ dCD«t5«C#ffl(C^ffiS-a--5F 
©0§ll5nraHT, $ e.t«2 nmHTtf <5£ 
SSbt>. S^CFeSti^I rMntSIttftl 

tn^-mtz i ifTO±cDF e ^ffi-rn«3c»^^-^ 

*tiS£.5 0 SfcHait. I r Mn F e t^tLTfc, 
ItWFe ft**ftV»*»*&ttF e <Z)^*rS^4>&U 

X^^^Wit^TtL. ^©MCFelH 
M*S^S i , MgO. A 1 2 O 3 . #!7i7^ b& 

~ 1 0 0 nm©ff£©Ttfe)f SriSttTfeJ;^,, Ti&Jffi 

*ft«i|SCIBj£3n&na«. #ijK.«Pd^P t£t£*©Jt 
&m^C o Z r N b&<!:«D#aK&JR. gfcjB&lUfti 

[0 0 5 4] SS(C*%0J«aMJtSt^*T«. ±56 
b fc «fc 5 fc3*!ftl6£*l tc*f L '>fc < i t> ftftttftlK \z n. 

Ttt, WMCu, Ag, Au, A 1 J $>Z.t\t><Dr3&ff 
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[0055] z.<D^o\z^.%m<D^.mm^m\t. ±.mu 
rz&o\z±2t&m£&mmznz3mi£&mz&ffi 

[0056] ^^^^©aaffiiftaa**^ t*i>T. 
io A^i?>/'f x^izmz-?, m 

[0 0 5 7] 

[0 0 5 8] §gjg#] 1 

Co sl Fe 9 Pd lo &£&/£©«i&tt#«l 2 £ 5 n 
mW^SiC, *^TM^I r x Mn i oo-,, (x = 
1, 1 5, 2 5, 3 5, 4 5, 5 5, 6 5, 7 5, 8 
5) Tg$n§ I rMn^^&5EMM3S 
tn^ni 5 nmOJPSfcaJHnrjfcltU 9ag|©Ki 

CtlSOX«IIS-&]R^^V»T. XifiUIlSTTijgliflijfii:^- 

jK3 £teH<£>&:#a*0«a«ig*JE*j3EU *o (l l 

30 i) Eifiitx^^dt^ssisnfc. 

[0 0 5 9] »Snfc3£»*S^I!toa{t#S«l*lRla 

E)2iC*-r„ H+c©ffl*<3ElftmTxe# (Hua) 
fCffl^U IOJ;5l:l/T**fcHua(!)I rMn^i 

sea 3 k^t. H3*^wsd^a 

^ 8 0 QftjfflBfflno I rMn^TitS^tt^tb 

40 [0 0 6 0] --ft, Wmwmmzy -F eMn^S 
ffllrifc, HU#ie©3aftl6fcJS!©Huate. «fe«lr»tt 
JSLfcFe s 0 Mn 5 oftSft^T'l 4 kA/mgS 
T^O, *%^©^8l«g^-KiC^ViT«, r-FeMn 

bwci t>mw L It. 
[0061] £rczti£><D&mi&&me>-7vy*>ifm 

#tttLTE!4(C^-ro ^{t^$n-5cto(C. 03©>*i 

so ^ittt. ^py*>yaa[*«2 o ot:*jtt*.flHStt<ba 
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*rr*a. ^nt'*fLT. Ri&m&ftmiz r - f e m n 
aawts io^Tgwsi^nts i (i o o) * 

fill:> r x Mn 100 - x (x=l, 15, 

25, 3 5, 4 5, 5 0, 5 5, 6 5, 7 5, 8 5) T 

Mi, Co 8 iFe9Pd lo &«T5nmfS 10 

[oo6 2] cn6©x»is^i!io«sSftaii&*xiigiHi*f 

Trffl^fztZ.?}, IrJt*x = 4 5, 5 0, 5 501 r 
Mn^^6a:SS3fiBSttffJRttB < CME*a». -tote 

[0 0 6 3] fc&nfc3£SMB£Btfc:Pir>T, S»J l t 
R«l:^A'-f7Xa# (Hua) t^Dy + ^iBfll 
©I rMn^iflj«tt#tt*j|!|)gLfc. 5 fej; 20 

ism 6 t'sr. 0(d^$n-5tt5O. cui-m. 

ttffi^tcjl^btlfc I rMn^t(i(Dl rWUB^x* 

jS^filc^nfcl rMn^CI r©|§B 1 %x = 4 
5, 5 0, 5 5CD#|S^Jc:OViTtt. 32&/Vf TXfiB 

[0064] fct, r.Mnxoo-x ( 2 =S 

x^3 5, 6 0^x^80) rMn^ 
I r©If%x^3 5<x<6 0 \Z$>Z>m-a<kQ 

[0 0 6 5] 3 

ESSJSKttteMfc&^T, I r 2 5 Mn 7 5 ©M^Wt 
-5 I rMn^CMlTN i , Cu. Ta, Hf, P 
d. Ti. Nb, Cr^W^iU, ttl^tll 0 
a t XSsJO&WS-a-fcJitfVHU 1 t^!C LT 8 

[0 0 6 6] «!HT. uft6©5JH6^«l:»LIfttt 40 

[0 0 6 7] uft60j«MS«SH7l:St. ft*8 7 
fctt. 3feKMlTHXib&3Ktttt«M>f). I r 2S Mn 
7s> Ir ro Mn 3 o. I r 5 0 Mn 5 o ©jffljK?:^ 
T*I r M nM* S5SlIttMt 1/TS« LfcSJfi. 
teZZflZitmMtLT I rMn^C^TFe s D M 
n s o & (Fe 0 . s Mn 0 . B ) as. sir 
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[0 0 6 8] 17*5, I rMn^M±#i:LfcEi 
{£<. »CI rMn^fc»UT«rCO**PJ«^asao 

[0 0 6 9] SfcHfflE© I r 2 5 Mn 7 s ©j&&Jdc£*rr 

Jg&btfiC I r 2 5 Mn 7 5 ©|afiX*Wr-5 IrMn& 
^CML/TN i , Cu, Ta. Hf, Pd, Ti, N 
b. C r SiJp^t LT. -tft-^ft 1 0 a t %^Jjd^ 

as-depo tWi©3£g|A< 7Xl#H u a i^P + 

i tmmizmfeLtz, 
[0070] sy^ijg*tt0 8 &£zsm 9 iz^to miz^k 
zn&t&o. ^ne>©isM«^Tnt)+^3?^/s-f 
yzt&R&mr&tmz. 7ay*>sfMmwm<mm 

[0 0 7 1] £?>iC. nn6©3»«li^ilfc*t»T, x 

arc 2 o or, 3«fffloa«4»«waa*jfibfc»fiDaf» 

Af 7Xl#Hu a &m 8 izmitT^V fz, m 8 <fc 0 w 
t>*&J;-5f;:, ^MaSrSSTdttCiO^T©^©^ 
^A*< yxa^as-depo ttlOSI/K7Xi#i 9 

[0072] xtt@#rt«ts4}-*f©*s*. *m&si»©£ 
x«hwt tf- f * fc^iijffi tc «t * bf- * mm 

tlT±5 0. MliaO I r Mn^&*b&£E&SStt 

[0073] mmm4 

(Coo. 9 Fe 0 . i) ioo-xPd x ft5Wffl 
&&tt#Jg£: I r 2 5 Mn 7 5 &3ffi/&©S3SlJ(8te#fl£| 

[0 0 7 4] SSfC, Sitt«ff®Pd©E^lx$ 

0*^,2 o a t %©w^t$-&T, ^-ne.©32m^is 

7XiK#©itJ0*^J65tlfe. 

[0075] mmm 5 

c©*»jt«. ®^3i*ft3Ro<sa«i&*^r-r* 1 r 

2 5 Mn 7 ste&jji&fiit© I rMn^5ft5£56Itt 
[0 0 7 6] S«4 tLT«*B*t^ftSnfcS i £ 



(8) 

13 

nmi2nra(0Co 9() Fe 1 o8. R&m&#m8 t 
IT. f$*«8 nm© I r 25 Mn 7!5 flI, #J&tt#:JI 

&kb*. Kiasiiic«fflR9. i o»4-t-n-enjpa*»i 

0 nra»Co s s Z r 5 Nb 7 -mtm2tf2 nmfflN i 
80 Fe 20 I, til lttf^^O. lym©Cu 

BI> A- Hflll 2HJ9£j^4 0 nm«DC o 8 3 P 
t i r« &«fll8 " «2 0 nm©T i #>£>&.5. 
[0 0 7 7] ftii, ^uT'MSnfcCo 9 oFe 10 10 

M». ir»mt>3l9MI l o^«M6-&«tt*stt*c o 8 l 

f e 9 p d i omt£Zfoi$.<D%Lmmwmtmm. w^a 
too7 8] sfcaaa«[ja**^©^{ca-3Ttt. 

Mttffl5, 7. #«tt*«t6*$J:^S!Sj«tt#JI!t8 
[0 0 7 9] *fcttiSSi«t«EttJBt9tOViTt>. &#<F 

*p&4i©2 1 0 < C©S^T)K^[6]^^Mttt«^^r[pI 
[0 0 8 0] ^©aMfita^*^(cn^&a#SrEP 

b tz z *i. tc# 5 avu ? 

A^-tf>/<X©f££fcj|gtt£n&^o;t. 
[0 0 8 1] L^fc. S»itt#fltlc r -FeMnM 

[0082] mmm 6 

£©IWJTtt, ffi'fr:fc£B*©lBfl*iI££rf -5 I r 40 

m-mmmmTZfttitLtz. noit ;cdimk«i 

[0 0 8 3] m&4 £L.T\t&mtfmfflt2tlfzS i ^ 

nmt2nnK0Co 9O Fe x 0 fflt, fc&M&fcm 8 £ 
LT, 0 £#8 nm© I r 20 Mn 8 olg. ftm&fcm 

eiUTPs^snmocujRs-tn-enfiRKbfc. a 



^ffl5p9 - 14 8 13 2 

14 

0 nmfflCo 8 s Z r 5 Nb ?&£WZtfi2 nmON i 
8 oFe 2 „i lIllttlMJO. 1/jmWCu 
M. A— 1**1 2\$m2&4 0 nmfflCo 8 3 P 
t x .7 . <SRM8 '152 0 nm©Ta*^5. 
[0 0 8 4] ft*5. ZZTl&mt<ntz Co 9 o F e ! o 

Kti. ^fti-bSiatW 1 ©£»*t£IBk:*5tt.5C o 8 a 
F e 9 P d ! oKfcS*&£©»8ttftjR£BHIL 

[0085] ^tzmn.i&m.m^m^niiFmzm-DXit. 

i &m&fcm5, 7. #»1t#it6*J«fcatg3fta[ttft:J«8 
[0 0 8 6] Sfcj«fifittt«tttt9K:o^Tfe, BB^f 

m^tmcc$>-Dtz. mmz. m^o^mfayo-txiz 

tz. 

[0087] comm.mmjj^m^z^m^^&^m 
j£ t tu ^ s n. fc*5«e»» k# 5 a'ju a >i? -t* 

[0 0 8 8] b^fc. R3iai4#:JK{CT-FeMn^ 
Z\£, 3Z&f&-&m\zi$tfz> 7 a 

[0089] tmz> £<mmomss3S8&i!kM : T->&tt 

it. 3SfiS14frJS5. 7«l;c o 9 o F e i 0 I«^ft 

Fe 2 o«t*»6^S«SiafcttS»*3R^. *±t^S«tt#: 
Jg5. 7mftlNisoFe 20 ItCo 9 oFe 

[0 0 9 0] l&gl&BI 1 1 iC^To 

[0 0 9 1] 81 1 l^b. 9S«ttflc«HcC o Fe^M 

<fct)4 0~5 0'CgSil< > *^H^iC^I/iTtt^att#: 



15 

tzm%mn.^m^n *>nz>zt&w*>fr\ztji?ft. 

[0 0 9 2] SfcM»l5CNiFeffl^fc^ 
5. 

[0 0 9 3] fgJg#"J 7 
TU/i^ttlTWf i 1 1: J: 0 > 0 1 izm 

Cfi^ 1 ±(C> J¥£ 5 nm©C o 9 o F e :i o^<3&-5 
iWI2, f$15nm© (I r c . 25 Mn 
o. 75 ) i oo- y Fe y ^€>&£K&S8&#:ffi|3£ 

CDF eO^myWlTltX&O, 5, 10, 15, 2 
0, 2 5, 3 0, 3 5, 4 0, 5 0, 6 0, fei;tK7 0 

[0094] fcsnfc-tn-^nosftte^mKoiriT. 

**SI6*jtTf»0. (Ill) Efill/TH*£fcjW*« 
[0 0 9 5] &tC, J 5-n-6n©3!S»l«S-&]»fC^^T. 3? 

R#©)8;fefcf>.y h©f££s££H^fc. 
[0 0 9 6] 01 2(CK3&&tt#K3£)gf£UTV>£ 
(Ir 0 . 2 5 Mn 0 . t-s) i o o - y F e y 4>©F 

fiyi7D7 + >»©lI, @14i:Fet« 
y tJSBftfcfy h©f^*l£OV>T©BS#£^n* : nS: 
To fits. itfettT. ^tVe'tUDglfCr-F eMn£ 
R!»»tt*«ltLTfflt»fc3aftti^ilT#Stl&<([** 
To 

[0 0 9 7] HI 2Kj£T<k'5l;:. £&A*< 7XEBfMi 
y = 2 0©i#iCt°-^ffi^^L. Ifc0<y<40ffl 

[0 0 9 8] ya-7 + >^Sfi(c-3^T{i. a l 3 i:f 
T«fc5C. y»$<&5l:onTJ:#L, y<3 0© 
SgfflfC&tATfi. r-FeMnfflWIillffl 
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[0 0 9 9] itetefcOHTte, 0 1 4 fC^T=fc 5 iC, 
y D , y ©SflJfat'rt^fc) ST" r 

-FeMnSSSIMi LTI^ti^J: 0 

[0 10 0] £U:©*S£a.e,. g«ffi*©Fe§ 
tiy/|50<y<3 0©iIl:i5UTH X*IS£*J, 

yp^^>^ss*=fctxw^tt©t--<T©^ttiiffin7t 

[0101)4i(Ir x -Mni- x -) 10 o-y 
10 Fe y ©x©«W*0. 2 5&4*©E9JH8tt#JK£t>-& 

&. 

[0102] Hffi^J 8 

RF^^^hD>xA°^^sg : &ffl^. mfc&finmi<T 

«iftSWT*3Bfttt£MS&f£«Lfc. JWWtckt. ^® 
^CBt?feM7 7'f7iSl 1 J¥£5nm©C 
oMWl 2, JS3#1 nmfflFell 3, IS 1 
5nm©I r 2 5 Mn 7 0 >&>e>fc*E!H8tt#Ji 1 4* 
20 Wfag/SLifc. C©SHrT^A*-l'TX^#*3j;Ot^'p 

[0 10 3] Jt^tflC*^T2 9 0*CT5«fiaj« 

SfTMlLt. £©&I&T??K£&A*<7X«B#M3 

■^iti:5. giitt*I14©Fell3i©ffi 
#]TFeI^iS<fi^Tfef)Feil 3*>5S!Sfflltt 
Ml 4^©F eA«fLTl^: £#«Sig£ftfc. £ 
©IS*. ienfcg»j8tt#ll 4©|ftfi£« (I r 
30 o. 2 S Mn 0 . rs) s>2Fe 8 ift^fc. 

[0 10 4] gl fc«WaaW«T«3£Lfc3iJ«i; , C-f 7X 

IK (CO H T ©*£* fc #FET S . 

[0 10 5] JfclfrSWSJ^fc. 3MaS»©3!E»*S-& 
JKTtt. T-FeMnR!*»tt#ll)t*ffl^fc5!;»e^«l 
tJtttlxT. Sai/X'f 7XfiB#a**£<7'D. 
g#te£#M;iii5l>. ft 43 Ir x -Mni_^-©x'© 

[0 10 6] 
[*1] 



(10) &ffi¥9 - 1 4 8 1 3 2 

17 18 





A/m 




7-FeMn 


1 0 5 0 0 


1 7 0 












1 3 0 0 0 


3 0 0 




1 4 5 0 0 


2 7 0 



CoMttffil 2 ' . JPSAU nm©Fell 3. J¥ 
$ 1 5 nmco (Ir 0 . 2 sMn 0 . t 5 ) s o F e 

[0107] $2l;Fell 3$^aE$-fr/tJl^t^ffi 



lir-FeMn Kim&VfWkltmm Vfz3i®@i-&miz 
o^TWlS^feWfai-^o S275^^^j:-5tC, Fe 
113 Sr^l-ffiS-fr-S d <t(Cj: D, f»MaWTt)3?*tt^ 

TV^ 0 r-FeMng5iJ»tt*J»*ffl^fcSS 
*>^S«*«tt5*»{CiftVi. ^c*3 1 r x - Mnj-x - 

20 [0 10 8] 
[*2] 















A/m 




T-FeMn 


1 0 5 0 0 


17 0 ! 










F eJBfe*) 


1 6 0 0 0 


2 5 0 




F e jgfc t 


1 3 0 0 0 


2 2 0 



mm i o 30 

^CBT*5it7T^rii2 1±(C. SS5nm©C 
o q o F e ! 0 iWl2 2. f$15 nm© I r 
25 Mn 7 B tf>&ft«£Httttttj|2 3 L 

[0 10 9] mz. ^(;*^T2 9 ox:T°5mfflm 
y * > ^SS * 3H£ L . ft 6 nfcX«tt^«t C ^ ^ 

ti5, £*£S8tt#:flll 2 3CD«^14#:^2 2 i©WJ 
TF e»«#«<fcoTfc9£tttt#:K2 2fr£ I r 
2 sMn r B £»Btt&«2 3^Fe«LT^§^ 



( I r o . 2sMn Q . 75 ) 99. B Fe 
o . s ir&ofeo 

[0 110] g 3 Cifi»Tl^LfcSM;H 77 
ffiSI?-*i«fcZ/^'n-y^F>^fi«SrS-r. Si 3(c(iCo 
a i F e 9 P d , o tittffit r - F e M n S^fiStt 

[0 111] *3*6fl*J:5C. f»«ia«<0^lft*g^ 
Ittt, r-FeMnS!S«tt#«*fflVi/i35Sl**!f^tt 

EttMt&frlZftU. ^43 Ir x -Mnil x -©x'B 

[0 112] 
[S3] 



(11) 



4$Hfi¥9 - 14 8 13 2 



19 



20 





A/m 


XT 


r-FeMn 


1 3 00 0 


19 0 


IffiWl Q 










1 2 0 0 0 


300 






1 4 0 0 0 


290 



1 1 

mmmetRm^mz^o. ur 0 . 25 Mn 

o. 7 5 ) s o F e 2 o ICf n-filN i , Cu, Ta, 
Hf, Pd, Ti, Nb, Cr$10at%O^Ti 

«4] 







C r 


1 3 


Nb 


18 


T i 


1 6 


P d 


1 2 


H f 


1 1 


T a 


1 2 


C u 


1 3 


N \ 


1 4 




2 3 



10 



20 



[0113] ^Mfy 1 3 

#s»jt«. mi 7(c^Taaiffi^s^*^»!L 

J^Mtcte, y'Jn>lS3 1 W^HiCflM^tlfc 
^-ftJ13 2c7)_h{C. Bt!4 0 nmOCo 83 Pt 17 
A-h*H3 3£j£g|Lfcf£. ^-O-^^il^fC^SL 
TT^«^{Hli3 2$gP^«(cStH$-a-fc„ -?-©±(C 

0nm©Co a s Z r s Nb 7 *13 4, 40 
2nmC0N i 80 Fe 20 l35, f$^4nmfflCo 
9 o F e i 0 ^ai4#:li3 6, JfJ$^3 nm»C ul3 
7. Jg£#3 nmOC o 9 0 F e x o^K14#:JM3 8. 
15nmO (Ir Q . 25 Mn 0 . 75 ) so Fe 
[39, J¥$ 2 0 nm©T i &KSI4 0 



^IMiLfc. SSfCffSO. l/imCDCu|l4 0 
[0 114] fcis. SS^+T^a^fTofe^. A— H 
9 £^fi8tt#fil3 8 <!:a5«S^[C-^|o]S*tt$#-^LC 50 



o 8 8Zr 5 Nb7l34, Ni 8 oFe 2 ol35* 
<t^Co so Fe 10 SfcfiSlifWg 3 6 iC— ttlS^tt^tt 

[0 115] £©tt£Ua^**^Kl^S5j&>£«ff£Bl 

(C r - F e M n ^Srffl Vifcaajgfex^S*^ 1 

[0 116] Vfrh. (Ir 0 . 25 Mn 0 . t s ) 
e o F e 2 oSSIW3 9ttr-F eMn^&^ffl 

[0117] 1 4 

s»j4. 5. ii. 1 2^*!m\,ftM^mmmm 

; ?<h[WI«<D«jgCD*^£A 1 2 0 3 -Ti C*«4 1 
', T5"-;H«at4 1, T^^y^il4 2©±Jcf^» 
U $5.lC^-©±tC±^^-y^4 3. ±->- J llFl4 
4*, il8l:St±3icMLfc. utiCkOffftA 

0. Umf7"X (depth ) £ nJt&i: U *€rfcf9£fetti 
[0 118] 

[0 119] £5>fc. ^©5jf**t^«t*^ffllLfc«SUS 

tnnmm^t. &%.Ltztiijj$:&mmizs.^T'&z>z.t 

[0tS©ffi^^I5iBj] 

[0 1 ] *&we>mmm 1 £*sw-*£siii6£*t©«»r 

[02] 3Sf8lilS^itO«fl:iai»*3K-r<KrttHT*-5. 
[0 3] *^J1(C*^S^«S^©^AWTX 
SfHuaffll rMn^ffiMM^tlTSi^. 
[04] *^JltC*D^-5^^^M<7)yp-y^>y 

[0 5] *lfi«2K*W*3JE*l*#K03SJ*/W7^ 
K#Hua©I r Mn-&&jfij$flc#tt£^-f@T&£. 
[0 6] HSgM2(ci3tt^3^^^©^n-y^>^ 

[07] mmw3\z&vz>&mim&m<D®tt;\z'y b& 



(12) 
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21 



22 



lei 8] mmm 3 \z&nz>&&i£&m<D&wu 7x 

u a © I r M n ^M«ft#ttSft0T$5. 

[0 9] mmm3iz&tt%$:m®-&Wi(D7'ny*>7 
[010] mmm 5 fc*5^^,^jstt?i^3R^©w 
[011] mmm 5 c^t-t^ssaffi^**?©^ 
[012] mmm6iz&i-tz>$i&i&&m<D3iWU7 io 

XlSHuatl rMnFe^tffflFe^tl.!:©! 
0T" 

[013] ^Sg#iJ6(C*5tt-532^^)«©ya-7^> 
^MStl rMn F e^'fcOF e$#»<i:COP^^^ 

[014] HS6#j 6 (Ci3(t^3£jft^^W«^ t? -y h 
5£±mtl rMnFe^fflFe§tit©li#^ 



[015] HM« 7 fcitf 8 ID^tttt^KOIKfflBB 
[016] 9 ®53!ifttt^itO*»fiiiBlT**. 

[017] s»j 1 3 \z&ttzmm®m&m=?o>wt 
[018] mmm i 4 fc^tsamjssta&sjrpwia 

WB0-cab-5. 

[#^©lftBJ« 

1, 4, 21, 31. 41' 2, 5, 7, 

2 2, 3 6. 3 8 %tt&ttJK. 3 . 8 , 14, 2 

3.39 S&ffitt&lgl. 6.37 im&to 

K. 9. 10 ffi&ftttttttK. 11, 40'- 

■••*«. 12. 3 3 A-h'flg, 8', 4 0 

13 Fel, 3 2 S&SKtJf, 3 

4 CoZrNbl, 35 NiFel, 41 

T^-iivm. 42 r^^yfm. 43- 



[01] 



[0 2] 



[03] 




[04] 



2_ 




20 



40 60 80 



100 



350] 




40 60 80 

1 r**m *<«t%» 



100 




40 60 80 

1 r£« x tot%) 



100 



(13) 



#fi¥9 - 14 8 13 2 



[0 6] 



m7] 



350 



g 300h 
« 250 

* 20Q 
r* 
D 

N 150- 



lOO- 
50* 

o — 



-I r 



• « • 



20 



too 



50 



40 60 80 

I r£*i« x(ot%> 



100 



[0 8] 




asssssssj 

????????? 



[015] 




: 




3 g S S S 3 8 s k a * jF 
s s a a a a 3 a I 3 | 



g S 3« 4f a« 98 * S 



ifcttfl 



[09] 



400 




3 

9 



§ 3 £ S g g a » 

t tffffff 



£ £» s 1 
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[|1 0] 




[111] 



Q02 

1 

< 

« QOI 





o 




Co»Feio/Cu/Co«?FeTo 




O 




Nia>Ffeao/Cu /CofoFeio 




O 








J i _ I h 



O 100 200 300 400 500 
ItftHtt&ft (t) 



[012] [H16] 




P« S« y (at%) 



[01 3] 





300 


o 




o_ 




tt 


250 


Si 






200 






D 


150 


In 






10O 




50 




0 



10 15 20 25 30 35 40 45 50 55 GO 65 70 FeMn 



(15) 



4$H!¥9 - 14 8 13 2 



[014] 



[017] 



100 
00 
BO 

* 70 

* 60 
ft 50 
t 40 
« 30 

* 20 
10 

0 



h, n .n.n,n. 



0 5 10 15 20 25 30 35 40 45 50 55 GO 65 70 FeMn 




[0 18] 




1 1 OR 40' 
i^8' OR 40 



^WSN^ -B OR 39 
? J " OR 38 

4-6 OR 37 



OR 36 
10 OR 35 
^9 OR 34 
■12 OR 33 
4-42 



[tittSBJ W8^7M26B 
[^EffilE 1 ] 

mm-xm mm. 

— (Sit I r^Mn iC o->c (itf > xttat %T. 



IS x tt 5 ^ x ^ 4 0 S*t£-r*ffiT** - t ZftWltT 

85 I rMn-&£»;£ <=>(;: N i . Cu, T a. Hf. P 
d . Ti. Nb, Cr, Si. A 1 . W. Zr, G a . 
Be. In. Sn. V. Mo. Re. Co. Ru. R 
h. Pt, Ge, Os. Ag. Cd. Zn. Au. NO 
mfr<bM&nfr'PtZ< ifc IIS. I rMn^lOO 
a t %(C*fLT5 0 a t %^T£^tf:: i^f^if-S 



(16) 
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fSftflEts^rr* c o * fctic o j&^&a* sfcs n 

EiittttftlgttCo F e£&frSft&C££ft«£-rs 

IE C o (J $ 6 tc P d ft^tl £ t *4S* t -T* 
MMB£8j »#mE*©3fc»IS£l!*T?aoT. «S 
e 6&£4HS Sit* utMit^JMM. 

fc*3«ft*S£KT*-3T. (&ER!&«tt#II*#. 4>ft< 

-jgS: (I r x - M n i _ x - ) 100 - y Fe „ (3: 
x / HH^JtT^oTO. 02^x'gQ. 80$: 
ffaJET-Sfe/g, yHat^T0<v<3 0«mt 
TMLTt^n^ I rMnFeM^^iL^^ 

ms#js 1 1 ] ware i o EKogaafurgftt? 

T, ijflgx' ttO. 05$x'^0. 4 0& jgnt 

rntsftjg 1 2 ] gf^jg i o Ba<pga«teKT&^ 

T, gtriBI rMnFe^ttg6l:Ni, CU, Ta, 
Hf, Pd, Ti, Nb, C r , Si, A 1 , W, Z 
r, Ga, Be, In, Sn. V, Mo, Re, Co, 
Ru, Rh, Pt, Ge, Os, Ag, Cd, Zn, A 
u, N©f£fr£iltfftfc4>ft< th lg£, IrMnF 
e^l 0 0 a t %(CjtfL-T5 0 a t %£i,T£^tfC: t 

HH#JJU3] at^H 1 0E«<D^»t5^Bfgfto 
T, t(rE!ft«tt»«ttFe^»^-g^a^j:^«j:-r 

[«*«14] mm 1 0 E»<Pg»*S&Brg&p 

1 5 ] gf^g i o Ettg>ga*te«r?ftp 

T, MEgl«tt^lttttCoFe^^ftftS^fc&1»» 



T. MEa«ttftiafcMEgjiBttftlBg)»l?KFe^ 

ML 

[ Sl*lgl 8 1 B#JS 1 0 l5$lt©^&fe£rBtTfeo 

[If #3jf 1 9 ] »*«lE*©SEift«S^K-C*oT, 
MEK&«ttfc«£»JBT*»8tt#l!t#. &att&. 
#flM£# . is «fc t*»«tt # £ ft * iT > H -f ^iHT * 

[W^jg 2 o ] at*^Lojs«o2gift*s^«T*o 

T, flffES9S«tt#:«d:«JBr 
Wiim 2 1 ] »#JSlEtt<0&iM8£Bii:, miEJc 

*ie$«o5Sii>a< thmm.wmzmt$:m.n.-?z> 

[ g^S 2 2 1 Mffll OEtt<PgaM6£8Rj:. ME 

gate£M<p a t>4>ft < fe%«ttttigt;:«8itea«-r 

£MfesM© 2 Si>ft < £ fc%ttttfflttK:fll«iSa«-r 
<E>oT, iftE^»IS^«tcfettsatrEU->K'f 

tot, j[ EgflMS^K iC * flftE-fr > H -f -/ £ flg« 
iSCPgilBtttfBitt. — ^<PltfEift«ttft:i^irE I rMn 

[jj^ia 2 7 ] ffi^ 2 4 SfctiW*^ 2 6 fl2«©!S 

e ft * fa ^ s 4» « <h T£ ^aaaMSMSs 

[ ffi^3S2 8 ] »^]g2 4£fctelj3RJg2 6gBig©a 



(17) 
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[M^aj o ] it 2 4 ^fcaa^a 2 6 ipioi 

£lT3Eag&«itj:N i F e i±MM!E£ML£ij 

c tt^a 3 1 1 a^a 2 4 ^fcag^g 2 6 easca 

[Mill] W^JS2 4^fc^i»^]S2 6IB«£g»a 
mrflg-tJ-> M y^m<nm\BiK^m^LWmtmm Ufeafrfg 

[ ft^is 3 4 ] nmm 2 4 ^fe^ii^ig 2 6 im<v& 

■ft^Mg>^tCFe^fettFe^^^ff,g-lj:^Cj:^ 
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NOTICES * 
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This document has been translated by computer. So the translation may not reflect the original precisely. 
**** shows the word which can not be translated. 
In the drawings, any words are not translated. 



LAIMS 



^laim(s)] 

✓laim 1] The switched connection film with which it is the switched connection film which comes to carry out the 
minating of a ferromagnetic film and the antiferromagnetic substance film, and the aforementioned antiferromagnetic 
ibstance film is characterized by the bird clapper from iotarMn alloy by which the at least 1 section has the crystal 
ructure of a face-centered cubic system, and composition is expressed with a general formula and iotarxMn 100-x 
hey are the inside of a formula, and the value with which x are at% and it is satisfied of 2<=x<=80). 
^lairn 2] It is the switched connection film which is a switched connection film according to claim 1, and is 
laracterized by Above x being a value with which are satisfied of 5<=x<=40. 

?laim 3] It is a switched connection film according to claim 1. further the aforementioned iotarMn alloy nickel, Cu, 
ua, etaf, rhod, taui, Nb, Cr, Si, Al and W, zetar, The switched connection film characterized by including less than 
50at% ] for at least one sort chosen from the group of Ga, betae, In, Sn, V, Mo, Re, Co, Ru and Rh, rhot, and 
srmanium, Os, Ag, Cd, Zn, Au and N to IrMn alloy 100at%. 

^laim 4] It is the switched connection film characterized by being a switched connection film according to claim 1, 

id the aforementioned ferromagnetic film and the antiferromagnetic substance film containing Fe. 

^laim 5] It is the switched connection film with which it is a switched connection film according to claim 1, and the 

brementioned ferromagnetic is characterized by the bird clapper from Co which has the crystal structure or 

sxagonal closest-packed-crystal structure of a face-centered cubic system, or Co system alloy. 

^laim 6] It is the switched connection film characterized by being a switched connection film according to claim 5, 

ad the aforementioned Co system alloy containing Pd further. 

^laim 7] The switched connection film which is a switched connection film according to claim 1, and is characterized 
y making Fe or Fe alloy placed between the interfaces of the aforementioned ferromagnetic film and the 
forementioned antiferromagnetic substance film. 

Dlaim 8] It is the switched connection film which it is the switched connection film which comes to carry out the 
minating of a ferromagnetic film and the antiferromagnetic substance film, and the aforementioned antiferromagnetic 
ibstance film consists of an IrMn alloy by which composition is expressed with a general formula and iotarxMn 100- 
, and is characterized by for x in a formula being atomic% and being a value with which it is satisfied of either among 
<=x<=35 and 60<=x<=80. 

Ulaim 9] The switched connection film with which it is a switched connection film according to claim 8, and the 
forementioned antiferromagnetic substance is characterized by the at least 1 section having the crystal structure of a 
ice-centered cubic system. 

Ulaim 10] It is the switched connection film which is a switched connection film according to claim 8, and is 
haracterized by Above x being a value with which are satisfied of 5<=x<=35. 

Claim 1 1] It is the switched connection film which it is the switched connection film which comes to carry out the 
tminating of a ferromagnetic film and the antiferromagnetic substance film, and the aforementioned antiferromagnetic 
abstance film consists of an IrMnFe alloy expressed with general formula (iotarx f Mnl-x ! ) 100-yFey, and is 
haracterized by the inside of a formula, the numeric value with which x f is an atomic ratio and it is satisfied of 0.02 
=x f <=0.80, and y being values with which it is satisfied of 0< y<30 at%. 

Claim 12] The switched connection film characterized by being a switched connection film according to claim 1, and 
eing the sandwiches film with which the ferromagnetic film which carries out a laminating to the aforementioned 
ntiferromagnetic substance film consists of a ferromagnetic, non-magnetic material, and a ferromagnetic. 
Claim 13] The switched connection film characterized by being a switched connection film according to claim 8, and 
eing the sandwiches film with which the ferromagnetic film which carries out a laminating to the aforementioned 
ntiferromagnetic substance film consists of a ferromagnetic, non-magnetic material, and a ferromagnetic. 
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laim 14] The switched connection film characterized by being a switched connection film according to claim 1 1, and 
ing the sandwiches film with which the ferromagnetic film which carries out a laminating to the aforementioned 
tiferromagnetic substance film consists of a ferromagnetic, non-magnetic material, and a ferromagnetic, 
laim 15] The magnetoresistance-effect element characterized by providing the electrode for energizing current on a 
romagnetic film at least among a switched connection film according to claim 1 and the aforementioned switched 
anection film. 
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2TAILED DESCRIPTION 



►etailed Description of the Invention] 
001] 

he technical field to which invention belongs] this invention relates to magnetoresistance-effect elements possessing 
5 switched connection film using the switched connection of an antiferromagnetic substance film and a ferromagnetic 
m, and this switched connection film, such as a sensor for magnetic field detection, and the magnetic head for 
production. 
002] 

description of the Prior Art] Research of the magnetic head using the magnetoresistance-effect element as a head for 
production in high-density magnetic recording is advanced for some time. Now, as a magnetoresistance-effect 
sment material, the 80at%nickel-20at%Fe (common-name; permalloy) alloy thin film is used for - **. Furthermore, 
tificial grid films and spin bulb films, such as n which shows the huge magnetoresistance effect (Co/Cu), attract 
tention as a material which changes to this in recent years. 

003] By the way, since the magnetoresistance-effect film using such material has a magnetic domain, the Barkhausen 
>ise resulting from this poses a big problem after utilization, and the method of forming a magnetoresistance-effect 
m into a single magnetic domain is examined variously. There is the method of controlling the magnetic domain of a 
agnetoresistance-effect film in the specific direction to the - ** using the switched connection of the 
agnetoresistance-effect film and antiferromagnetic substance film which are a ferromagnetic film, and the gamma- 
jMn alloy is known as an antiferromagnetic substance material here more widely than before (for example, U.S. Pat. 
o. 4103315 and U.S. Pat. No. 5315468). 

»004] Furthermore, in recent years, in order to carry out the pin stop of the magnetization of the magnetic film of a 
>in bulb film, the technology of using the switched connection of an antiferromagnetic substance film and a 
rromagnetic film has also spread. Many gamma-FeMn alloys are used also for this purpose as an antiferromagnetic 
ibstance material. 
1005] 

, roblem(s) to be Solved by the Invention] However, corrosion resistance and the corrosion especially to water are 
roblems, and a gamma-FeMn alloy has the problem with the yield very bad as an element that the switched 
>nnection force with a magnetoresistance-effect film deteriorates still with time, by the corrosion in the processing 
rocess of a magnetoresistance-effect element, and corrosion by the moisture in the atmosphere. 
)006] Moreover, in the antiferromagnetic substance film which consists of a gamma-FeMn alloy, there is also a 
ouble that change of the switched connection force with the ferromagnetic film by temperature environment is large, 
hat is, since the temperature of the element section rises even before and after 80 degrees C at the time of operation of 
le magnetic head, although the blocking temperature which is the temperature at which the switched connection force 
fa ferromagnetic film and an antiferromagnetic substance film is lost has a desirable thing high as much as possible, 
nee the blocking temperature of a gamma-FeMn alloy system is 200 degrees C or less, it has the problem that long- 
;rm reliability is missing. 

3007] moreover - for example, the example using the example which used other gamma-Mn alloys other than 
amma-FeMn alloys, such as PtMn and a RhMn alloy, as an antiferromagnetic substance film, NiO of an oxide system, 
tc. is boiled and indicated by U.S. Pat. No. 4103315 However, by the antiferromagnetic substance film which consists 
f gamma-Mn alloys, such as these PtMn(s) and a RhMn alloy, the switched connection force with a ferromagnetic 
ilm is not enough, the antiferromagnetic substance film which consists of oxides, such as NiO, on the other hand is 
iferior to thermal stability, and the switched connection force with the ferromagnetic film under the elevated 
smperature of about 100 degrees C or more is unstable. And oxide systems, such as NiO, have high electric resistance, 
nd since they cannot take out a direct electrode from this portion, they also have the fault that element structure 
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somes complicated. 

1O8] Furthermore, if an antiferromagnetic substance film is formed with theta-Mn alloys, such as a NiMn alloy 
ich has the crystal structure of a face-centered tetragon system, it is shown in U.S. Pat. No. 5315468 also for the 
rosphere that the switched connection force of an antiferromagnetic substance film and a ferromagnetic film does 
: decline. 

>09] However, about such an antiferromagnetic substance film, about 250-degree C ****** in an elevated 
iperature becomes indispensable in the state [ having formed membranes (as-depo.) ] for the switched connection 
ce with the ferromagnetic film to be very small, and for the switched connection force to be satisfied enough, 
erefore, when these antiferromagnetic substance films are used, a manufacture process will turn complicated, as a 
ult the manufacture yield, the fall of reliability, etc. will be caused. 

)10] As mentioned above, although the antiferromagnetic substance film had been used in order to obtain switched 
anection with ferromagnetic films, such as reduction of the Barkhausen noise of for example, a magnetoresistance- 
ect element, the conventional antiferromagnetic substance film was difficult for especially the thing for which there 
i problem in the switched connection force with the ferromagnetic film in an elevated temperature, its corrosion 
;istance, etc., and a switched connection film with good reliability is manufactured with the sufficient yield. 
)1 1] this invention is equipped with the antiferromagnetic substance film which was made in order to cope with such 
>roblem, has the switched connection force with ferromagnetic films enough also by the pyrosphere, and was 
cellent in corrosion resistance, and it aims at offering a switched connection film with good reliability, and the 
ignetoresistance-effect element which can obtain the output which came to provide this switched connection film 
d was stabilized over a long period of time while a manufacture process is simple. 
312] 

leans for Solving the Problem] It is the value which the 1st switched connection film concerning this invention is a 
'itched connection film which comes to carry out the laminating of an antiferromagnetic substance film and the 
Tomagnetic film, and is that to which the aforementioned antiferromagnetic substance film is characterized by the 
rd clapper from iotarMn alloy by which the at least 1 section has the crystal structure of a face-centered cubic system, 
d composition is expressed with a general formula and iotarxMn 100-x and with which x is at% here and it is 
tisfiedof2<=x<=80. . 

013] The 2nd switched connection film concerning this invention is a switched connection film which comes to carry 
it the laminating of an antiferromagnetic substance film and the ferromagnetic film, and the aforementioned 
itiferromagnetic substance film consists of an IrMn alloy by which composition is expressed with a general formula 
id iotarxMn 1 00-x, and it is characterized by for x in a formula being atomic% and being a value with which it is 
tisfied of either among 2<=x<=35 and 60<=x<=80. 

014] The 3rd switched connection film concerning this invention is a switched connection film which comes to carry 
it the laminating of an antiferromagnetic substance film and the ferromagnetic film, and the aforementioned 
itiferromagnetic substance film consists of an IrMn alloy expressed with general formula (iotarx'Mnl-x') 100-yFey, 
id it is characterized by for x' being an atomic ratio and the numeric value with which are satisfied of 0.02 
=x'<=0.80, and y being values with which it is satisfied of 0< y<30 at% among a formula. 

i015] Furthermore, the magnetoresistance-effect element of this invention is characterized by providing the electrode 
.r energizing current on a ferromagnetic film at least among these switched connection film and the aforementioned 
vitched connection film. 

1016] That is, this invention is characterized by using the IrMn alloy which has the specific crystal structure and 
imposition on the antiferromagnetic substance film in a switched connection film. 
)017] Hereafter, this invention is explained in detail. 

)018] The first switched connection film concerning this invention is equipped with the basis tree structure by which 
aninating formation of the antiferromagnetic substance film which consists of an IrMn alloy, and the ferromagnetic 

lm was carried out. „ , , , . 

)019] At this time, a pyrosphere can also acquire the switched connection force big enough by carrying out laminating 
M-mation of the antiferromagnetic substance film which consists of an IrMn alloy by which especially the at least 1 
action has the crystal structure of a face-centered cubic system, and composition is expressed with IrxMn 100-x 
><=x<=80) with a ferromagnetic film. 

)020] That is, since it has a high Neel temperature when it has the crystal structure of a face-centered cubic system, 
le blocking temperature at the time of applying to a switched connection film equipped with basic structure which 
/as mentioned above of an IrMn alloy is also high, its reliability of the switched connection film obtained as a result 
nproves and it has sufficient switched connection force with a ferromagnetic film. 

0021] And especially the IrMn alloy that has the crystal structure of a face-centered cubic system when using the 
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itched connection of a ferromagnetic film and an antiferromagnetic substance film for magnetic-domain control of 
j ferromagnetic film as a magnetoresistance-effect film, magnetization fixing of the pinning layer of a spin bulb film, 
is usually desirable also in respect of grid adjustment with the ferromagnetic film which forms the crystal structure 
a face-centered cubic system or a method ** [ of six ] dense system similarly. 

)22] on the contrary, the IrMn alloy which has the crystal structure of a face-centered tetragon system - the ratio of 
; lattice constant of c axis and an a-axis ~ the ferromagnetic film with which the lattice constant of a shaft 
entations is about 0.3nm Suemitsu on [ very large ] 1.355, and c/a forms in - ** the crystal structure of the face- 
itered cubic system whose lattice constant is about 0.3 5nm has low grid adjustment, and sufficient switched 
nnection force is hard to be acquired By the 1st switched connection film concerning this invention, while being a 
^-centered cubic system as the crystal structure mentioned above, the IrMn alloy which has the composition 
pressed with IrxMn 100-x (2<=x<=80) is used for an antiferromagnetic substance film. It is because 
tiferromagnetism will become weaker in composition with few amounts of Ir(s) in an IrMn alloy if there are many 
?thods of - with the inclination for the corrosion resistance to fall, and amounts of Ir(s), if it becomes what. In 
dition, in this invention, the composition range of a still more desirable IrMn alloy is 5<=x<=40. 
323] The 2nd switched connection film concerning this invention is a switched connection film which comes to carry 
t the laminating of an antiferromagnetic substance film and the ferromagnetic film, the aforementioned 
tiferromagnetic substance film consists of an IrMn alloy by which composition is expressed with a general formula 
d iotarxMn 100-x, and the amount of Ir(s) is characterized by being within the limits of 2 to 35at(s)% of within the 
nits, and a within the limits paddle gap of 60 to 80at(s)%. Generally a IrMn alloy becomes stable [ crystal **** of a 
^-centered tetragon system ] in [ composition ] 35< x<60. 

024] Therefore, in the switched connection film of the 2nd ** concerning this invention, it is more desirable to use 
tarxMn 100-x (2<=x<=35, 60<=x<=80) and the IrMn alloy of the composition further expressed with iotarxMn 100- 
[15<=x<=35). 

025] However, on the magnetoresistance-effect film which makes a subject films, Fe, Co and nickel, these alloys, 

such as Cu whose crystal structure is a face-centered cubic system, when growing up an IrMn alloy in shrimp 
\KISHARU, the antiferromagnetic substance film which consists of an IrMn alloy which has the crystal structure of 
face-centered cubic system also in [ composition ] 35< X<60 can be formed. 

026] That is, in this invention, if an antiferromagnetic substance film is formed with the IrMn alloy which has the 
ystal structure of a face-centered cubic system, even if it is the composition range [ as / in the 1st switched 
►nnection film concerning this invention ] of 35< X<60 which the IrMn alloy mentioned above, it will not interfere 
•ecially. 

027] x' of the antiferromagnetic substance film in the 3rd switched connection film concerning this invention is an 
omic ratio in general formula (iotarx'Mnl-x') 100-yFey and here, and the numeric value with which are satisfied of 
02 <=x ? <=0.80, and y are values with which are satisfied of 0< y<30 at%. 

'028] That is, the antiferromagnetic substance film in the 3rd switched connection film concerning this invention 
msists of alloy composition which added Fe to the IrMn alloy which constitutes the antiferromagnetic substance film 
the 1st exchange switched connection film concerning this invention. 

)029] The reason for making the value of x' or more into 0.02 here is for the corrosion resistance of an 
itiferromagnetism film to fall, if less than 0.02 and Ir are lessened, and for the blocking temperature of an 
ltiferromagnetic substance film to fall, if Ir increases exceeding 0.08. The more desirable range is 0.05 <=x'<=0.40. 
)030] Fe has the operation which makes good grid adjustment with the ferromagnetic film of an antiferromagnetic 
xbstance film, and enlarges the switched connection force. However, since corrosion resistance will fall greatly if y 
scomes above about 30, y carries out to less than 30. The more desirable range of y is 0.01<=y<=25. 
)031] the antiferromagnetic substance film which constitutes a switched connection film also in the 3rd switched 
Dnnection film concerning this invention, and a ferromagnetic film - it is desirable that all have face-centered cubic 
•cc) structure Furthermore, in the one embodiment of this invention, since the ferromagnetic film and the 
itiferromagnetic substance film are carrying out plane orientation (1 1 1), a ferromagnetic film does not interfere by 
lethod ****** of six, either. In addition, as mentioned above about the 1st and 2nd switched connection films 
Dncerning this invention, the lattice constant a of the IrMn system alloy of this face-centered tetragon into which an 
rtarx'Mnl-x'system alloy has face-centered tetragon (fct) structure in 0.35<x'<0.60 in bulk is as small as 0.273nm, and 
s ratio of c/a is quite as large as 1.355. The lattice constant a of the ferromagnetic which, on the other hand, has face- 
entered cubic (fee) structure is before and after 0.3 5nm. For this reason, if a 100(iotarx'Mnl-x')-yFey (0.35<x'<0.60) 
Hoy is used as an antiferromagnetic substance film, grid adjustment with a ferromagnetic will be expected that are bad 
nd it becomesdifficult to acquire sufficient switched connection force. 

D032] However, if such a lOOCiotarx'Mnl-x^-yFey alloy of the range of 0.35<x f <0.60 also carries out 
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ITARUKISHA growth of films, Fe 5 Co and nickel, and these alloys, such as Cu which has face-centered cubic 
ucture, on the magnetoresistance-effect film made into a subject, it can form the antiferromagnetic substance film 
dch has face-centered cubic structure. 

)33] Moreover, in the 3rd switched connection film, even if the concentration distribution of Fe which meets in the 
ection of thickness of the antiferromagnetic substance film which consists of 100(iotarx'Mnl-x>yFey is uniform, an 
uniformity (composition modulation film) is sufficient as it. For example, in the interface side with the 
romagnetic film of an antiferromagnetic substance film, or the front face of this and an opposite side, the 
ncentration of Fe may be high, and concentration may be high in the center section of the antiferromagnetic 

^stance film. . , . 

334] However, from the switched connection force and a corrosion resistance viewpoint, it is desirable near the 
erface of an antiferromagnetic substance film and a ferromagnetic film for Fe concentration to be high. Moreover, a 
ntinuous change is sufficient also as the method of change of Fe concentration in an antiferromagnetic substance 
m, and a gradual change is sufficient. 

335] In the 1st, the 2nd, and 3rd switched connection films furthermore applied to this invention As opposed to 
:arMn alloy used for an antiferromagnetic substance film nickel, Cu, taua, You may carry out addition content of the 
dition components, such as etaf, rhod, taui, Nb, Cr, Si, Al, W, zetar and Ga, betae, In, Sn, V, Mo, Re, Co, Ru and 
l, rhot, and germanium, Os, Ag, Cd, Zn, Au, N. 

036] That is, although the antiferromagnetic substance film in this invention is using the crystal structure as 
sntioned above, and the IrMn alloy which has composition and good corrosion resistance has already been acquired, 
itage and its corrosion resistance improve by carrying out addition content of such an addition component. 
037] However, since there is a possibility that the switched connection force of a switched connection film may 
:cline when addition content of the addition component is carried out so much to remainder the composition as which 
ese loadings are expressed in iotarxMn 100-x (2<=x<=80) - receiving - less than [ 50at% ] ~ in the case of Cu, 
ua, etaf, taui, Nb, Cr and Si, alphal, and W, Zr and Mo, by less than [ 30at% ] and N, it is set as less than [ 20at% ] 

ill more preferably . 
038] Moreover, if it is the same and the addition of these elements exceeds 50at(s)% also to the IrMnFe alloy m the 
d switched connection film, the switched connection force of a switched connection film will decline. 
039] Moreover, it is desirable that the at least 1 section of the antiferromagnetic substance film which consists of an 
tarMn alloy (an IrMnFe alloy included) has a rule phase by the switched connection film of this invention. This is 
jcause it becomes possible to increase the switched connection force of an antiferromagnetic substance film and a 
rromagnetic film while a Neel point goes up by rule-izing the atomic arrangement of the antiferromagnetic substance 
Im which consists of an IrMn alloy, as a result the blocking temperature of a switched connection film is raised and 
e reliability improves. 

)040] In addition, although the as-depo. state immediately after forming an antiferromagnetic substance film usually 
is a dominant irregular phase when forming an antiferromagnetic substance film like this invention with the IrMn 
loy which has crystal **** of a face-centered cubic system, on a rule phase and a concrete target, a Cu3Au type rule 
tiase can be generated by performing heat treatment of an about [ 10omicron-300 degree C ]. Moreover, generation of 
ich a rule phase can be easily checked by analyzing by the X diffraction here. 

)041] On the other hand, although it is not limited, the magnetoresistance-effect film which forms the crystal structure 
f the face-centered cubic system of an anisotropy magnetoresistance-effect film, an artificial grid film, a spin bulb 
lm, a huge magnetoresistance-effect film called a granular membrane or a method ** [ of six ] dense system is 
esirable in respect of grid adjustment with an antiferromagnetic substance film as it mentioned above especially the 
^rromagnetic film in this invention. The magnetoresistance-effect film which specifically made the subject the alloy 
ontaining at least one sort of Fe, Co, and nickel is illustrated. Moreover, it is desirable to contain Fe in a ferromagnetic 
ilm. It is advantageous, when enlarging the switched connection force of a ferromagnetic film and an 
ntiferromagnetic substance film, if Fe is contained in the ferromagnetic film. 

3042] However, especially about the magnetoresistance-effect film which made Co or Co system alloy the subject, the 
ery high switched connection film of the blocking temperature for using it for the magnetic head etc. can be obtained 
y carrying out laminating formation with the antiferromagnetic substance film which consists of an IrMn alloy which 
ias the crystal structure of a face-centered cubic system. 

0043] Moreover, it is very suitable when big resistance rate of change is obtained, and applying to the magnetic head 
4c. moreover since thermal stability is also good, in using the artificial grid film and spin bulb film which have 
nultilayer structure, such as Co system alloy magnetic film and Cu nonmagnetic membrane, as magnetoresistance- 
ffect films. 

0044] The thermal stability of a magnetoresistance-effect film which has the above multilayer structure is explained 



Page 5 of 12 



ther. 

)45] For example, in the multilayer structure of a NiFe magnetic film and Cu nonmagnetic membrane, it will 
ginate in nickel and Cu(s) being all rate dissolution systems, if exposed to the temperature of about 200 degrees C at 
5 processing process of a magnetoresistance-effect element etc., diffusion will arise with the question of a NiFe 
ignetic film and Cu nonmagnetic membrane, and the resistance rate of change of a magnetoresistance-effect film will 
1. On the other hand, in the multilayer structure of Co system alloy magnetic film and Cu nonmagnetic membrane, 
ce Co and Cu are non-dissolving systems, even if a magnetoresistance-effect film is heated to about 350 degrees C 
the processing process of a magnetoresistance-effect element, the resistance rate of change hardly falls. 
)46] In addition, it is also possible to heighten the blocking temperature and the switched connection force of a 
itched connection film which the ferromagnetic film which becomes the interface of the ferromagnetic film and 
tiferromagnetic substance film which do not contain Co from Co or Co system alloy in this invention is made to 
ervene, and are acquired. 

347] Moreover, you may carry out laminating formation of the ferromagnetic film which does not contain Co, and 
5 ferromagnetic film which consists of Co or a Co system alloy so that an antiferromagnetic substance film may be 
>erted in between at this time. 

D48] A ferromagnetic film can also be made to carry out addition content of the addition component from a 
swpoint which furthermore raises grid adjustment with the antiferromagnetic substance film which consists of 
ignetic properties and the IrMn alloy of a ferromagnetic film in this invention. Moreover, also about the 
Tomagnetic film which consists of a NiFe system alloy, combination of the addition component from same 
swpoint is possible. In this case, when raising grid adjustment with an antiferromagnetic substance film, need to 
ntinue an addition component, it does not need to be blended with the whole ferromagnetic film, and it should just be 
snded near the interface with an antiferromagnetic substance film at least. 

049] In addition, the thickness of the antiferromagnetic substance film in this invention will not be limited especially 
it is the range which discovers antiferromagnetism. However, in order to acquire the big switched connection force, 
is desirable for the thickness of an antiferromagnetic substance film to be thicker than the thickness of a 
rromagnetic film. From the viewpoint of the stability of the switched connection force after heat treatment, it is still 
ore desirable that it is about lOnm or less preferably about 15nm or less. It is desirable that it is about 3nm or less 
Dm a viewpoint with the same still more nearly said of ferromagnetic thickness. Moreover, at least, laminating 
rmation is carried out and - section should just be carrying out switched connection of such an antiferromagnetic 
ibstance film and the ferromagnetic film. 

050] A certain thing of the antiferromagnetic substance film of the switched connection film in this invention is still 
ore desirable about 3nm or more, and, as for the ferromagnetic film by which pinning is carried out, it is desirable 
at it is about lnm or more. 

i051] The switched connection film of this invention is formed for example, on a substrate by the well-known 
embrane formation methods, such as a vacuum deposition, a spatter, and the MBE method. Under the present 
rcumstances, in order to give the direction anisotropy of - to the switched connection of an antiferromagnetic 
ibstance film and a ferromagnetic film, membranes may be formed in a magnetic field or ****** in a magnetic field 
iay be performed. Such ****** is effective in order to make a rule phase which was mentioned above generate, 
urthermore, in the magnetoresistance-effect element using the spin bulb film, and the magnetic head, you may 
srform orthogonalization heat treatment which carries out magnetization of the free layer of a ferromagnetic film, and 
pin layer in the rectangular direction. 

)052] In addition, when Fe is contained in the ferromagnetic film in this case, in case it is heat treatment, Fe is spread 
ward an antiferromagnetic substance film from a ferromagnetic film, a diffusion layer arises in both interface, Fe 
Dncentration in an interface increases, and the switched connection force can be heightened further. 
)053] In addition, the IrMnFe antiferromagnetic substance film of the 3rd switched connection film concerning this 
lvention can also be formed by annealing, after carrying out the laminating of the IrMn film which does not contain a 
jrromagnetic film and Fe using diffusion of Fe toward an antiferromagnetic substance film from the above 
srromagnetic films. Moreover, when using the ferromagnetic film which does not contain Fe, the layer which makes 
e a principal component may be made to intervene between the ferromagnetic film which does not contain Fe, and the 
;Mn antiferromagnetic substance film which does not contain Fe, and an IrMnFe antiferromagnetic substance film 
iay be formed by annealing after membrane formation. Thus, as for the layer thickness which makes a principal 
omponent Fe between which an interface is made to be placed, it is desirable to be referred to as 5nm or less and 2 
lorenm or less. If Fe of one or more atomic layers exists in the interface of the IrMn and the ferromagnetic film which 
urthermore do not contain Fe, the switched connection force will increase. Moreover, a ferromagnetic film can 
eighten the switched connection force to IrMnFe similarly by making Fe placed between interfaces, excluding Fe, 
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en there are few contents of Fe. Although an effect will be demonstrated if there are one or more atomic layers of Fe 
ers in this case, if about 5nm is exceeded, the switched connection force will become weak. As a substrate in which 

switched connection film of this invention is made to form, single crystal substrates, such as amorphous substrates, 
:h as glass and a resin, Si, MgO, alphal203, and various ferrites, an orientation substrate, a sintered carrier, etc. can 
used and it is not limited especially. Moreover, in order to raise the crystallinity of an antiferromagnetic substance 
n or a ferromagnetic film, you may prepare a ground layer with a thickness of l-100nm on a substrate. Although it 
■1 not be limited especially if a ground layer raises the crystallinity of an antiferromagnetic substance film or a 
romagnetic film, amorphous metals, such as noble metals, such as rhod and rhot, and CoZrNb, and the metal which 
; the crystal structure of a face-centered cubic system, and an alloy can be used, for example. 
)54] Furthermore, the magnetoresistance-effect element of this invention prepares the electrode for energizing 
Tent on a ferromagnetic film at least to a switched connection film which was mentioned above. As an electrode, 

alphag Au alphal, and these alloys are used, for example. Even if it forms an electrode with the gestalt which 
nds [ ferromagnetic ] an antiferromagnetic substance film etc. also with the gestalt which contacts directly, it is not 

)55vSus, since the switched connection film of this invention possesses the switched connection film with which 
; big switched connection force is acquired as mentioned above, it is applicable to the various devices using 
ignetoresistance-effect elements, such as a sensor for magnetic field detection, and the magnetic head for 

jroduction. . _ _ 

356] In addition, in the magnetoresistance-effect element of this invention, the switched connection force oi an 
tiferromagnetic substance film and a ferromagnetic film is also applicable not only to magnetic-domain control of 
i magnetoresistance-effect film which is a ferromagnetic film, i.e., the Barkhausen noise removal in a 
ignetoresistance-effect element, but magnetization fixing over the artificial grid film and spin bulb film as a 
ignetoresistance-effect film etc. 
057] 

mbodiments of the Invention] Next, this invention is explained using an example. 

058] The switched connection film of this invention which consists of an antiferromagnetic substance film and a 
rromagnetic film using example 1RF magnetron-sputtering equipment was manufactured. Here, drawing of 
ngitudinal section of the switched connection film of such this invention is shown in drawing l . The 
itiferromagnetic substance film 3 which specifically consists the ferromagnetic film 2 of the composition which 
.mes Co81Fe9Pdl0 first on the Cth page substrate 1 of sapphire of an IrMn alloy by which composition is expressed 
ith IrxMn 100-x (x= 1,15, 25, 35, 45, 55, 65, 75, 85) subsequently to the thickness of 5nm was formed in the 
agnetic field in thickness of 15nm, respectively, and nine kinds of samples were obtained. Especially heating of a 
ibstrate was not performed at this time. It was observed that the ferromagnetic film 2 and the antiferromagnetic 
ibstance film 3 are forming and (1 1 1) carrying out orientation of the crystal structure of a face-centered cubic system 
>out these switched connection films when the crystal structure and its orientation direction are investigated by the X 

)059yThe obtained magnetization curve of the direction a of an easy axis of a switched connection film (the direction 
fa magnetic field at the time of membrane formation) and the direction b of hard axis is shown in drawin g 2 . The 
alue in [ c ] drawing is equivalent to an exchange bias magnetic field (Hua), and the IrMn alloy composition 
pendency of Hua which carried out in this way and was calculated is further shown in drawing ! . Each switched 
iinection film with which the IrMn alloy of composition within the limits of 2<=x<=80 specified by this invention 
nong the samples obtained here was used as an antiferromagnetic substance film has sufficient exchange bias 
mgnetic field the passage clear from drawing 3 . 

)0601 On the other hand, Hua of the same switched connection film of structure which used the gamma-FeMn alloy 
)r the antiferromagnetic substance film was about 14 kA/m in the composition which showed the highest value and 
>hich becomes Fe50Mn50, and in the switched connection film of this invention, when an antiferromagnetic substance 
lm was formed using a gamma-FeMn alloy, that the above switched connection force is acquired made it clear. 
)061] Moreover, the result which measured the blocking temperature of these switched connection films is shown in 
rawing 4 as an IrMn alloy composition dependency like drawingl . As shown in drawing, blocking temperature 
xceeds 200 degrees C and the reliability of the switched connection film of this invention which has exchange bias 
lagnetic field sufficient in drawing 3 is also good. On the other hand, it was a value with blocking temperature 
ladequate in the case of the switched connection film which used the gamma-FeMn alloy for the antiferromagnetic 
ubstance film, when acquiring 1 90 degrees C and long-term reliability. 

)n Si (100) substrate by which the front face was covered with example 2 thermal-oxidation Si02 film The 
tntiferromagnetic substance film of 15nm thickness it is thin from the IrMn alloy by which composition is expressed 
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i IrxMn 100-x (x= 1, 15, 25, 35, 45, 50, 55, 65, 75, 85), Ten kinds of switched connection film samples were 
mfactured like the example 1 except having formed the ferromagnetic film of 5nm thickness in this order hy the 
iposition which becomes Co8 1 Fe9Pdl 0. 

62] When the crystal structure of these switched connection films was investigated by the X diffraction, it was 
erved that a face-centered tetragon system and other antiferromagnetic substance films form the crystal structure of 
ice-centered cubic system in the antiferromagnetic substance film which consists of an Ir ratio x= 45 and an IrMn 

63] Atout the obtained switched connection film, the exchange bias magnetic field (Hua) and the IrMn alloy 
nposition dependency of blocking temperature were measured like the example 1. A result is shown in drawing 5 
I drawing 6 . About each sample of atomic %x=45 of Ir in the IrMn alloy with which the crystal structure of a face- 
itered tetragon system was formed [ composition within the limits of 2<=x<=80 ] for atomic %x of Ir in the IrMn 
>y used for the antiferromagnetic substance film, and 50 and 55, an exchange bias magnetic field and blocking 
iperature were falling remarkably here as shown in drawing. 

•64] Therefore, the crystal structure of a face-centered cubic system being easy to be formed, and being suitably 
•d as an antiferromagnetic substance film in the switched connection film of this invention rather than the case 
ere the IrMn alloy which has especially composition of IrxMn 100-x (2<=x<=35, 60<=x<=80) has atomic %x of Ir 

35< x<60, was checked. ~. . • . r 

)65] the IrMn alloy which has composition of Ir25Mn75 in the antiferromagnetic substance film which consists ot an 
4n alloy which has the crystal structure of example 3 face-centered cubic system ~ receiving - nickel, Cu, Ta, Hf, 
, Ti, Nb, and Cr ~ an addition component ~ carrying out -- respectively - 10at(s)% - the sample of eight kinds of 
itched connection films was manufactured like the example 1 except having carried out addition content 
)66] Then, the corrosion resistance test was performed to these switched connection films. The incidence rate of the 
rrosion pit after leaving the aforementioned sample underwater as an examination one whole day and night was 

)67] These test results are shown in drawing 7 . In addition, the sample which used the IrMn alloy which has 
mposition of Ir25Mn75, Ir70Mn30, and Ir50Mn50 among the switched connection film manufactured in the example 
or drawing 7 as an antiferromagnetic substance film, The result which performed the above-mentioned corrosion 
jistance test also with the sample which used the alloy which replaces with an IrMn alloy as an example of 
mparison at a row, and has Fe50Mn50 and (Fe0.5Mn0.5) the composition which becomes 89.5Irl0.5 as an 
tiferromagnetic substance film was written together. 

068] When the sample equipped with the antiferromagnetic substance film which made the IrMn alloy the subject 
d the very low incidence rate of a corrosion pit compared with the case where a FeMn system alloy is used for an 
'tiferromagnetic substance film and addition content of the aforementioned addition component was carried out from 
aw j n p 7 especially to the IrMn alloy, it became clear that the incidence rate of a corrosion pit is reduced much more. 
069] As opposed to the IrMn alloy which has composition of Ir25Mn75 in the switched connection film row which 
;ed the IrMn alloy which has composition of aforementioned Ir25Mn75 as an antiferromagnetic substance film 
breover, nickel, Cu, Ta, Hf, Pd, Ti, Nb, and Cr ~ an addition component - carrying out - respectively ~ 10at(s)% - 
e switched connection film which used the antiferromagnetic substance film which carried out addition content - as- 
jpo The exchange bias magnetic field Hua and blocking temperature of a state were measured like the example 1. 
,070] A measurement result is shown in drawing 8 and drawing _9 . Blocking temperature of reliability was highly 
>od [ samples ] while each of these samples had sufficient exchange bias magnetic field as shown in drawing. That is, 
y the switched connection film of an example, by carrying out addition content of the addition component to the IrMn 
loy used for an antiferromagnetic substance film, corrosion resistance improved and most falls of the switched 
jnnection force or reliability were not accepted. 

)071] Furthermore, in these switched connection films, the exchange bias magnetic field Hua after performing 200 
egrees C and heat treatment of 3 hours among a magnetic field under vacuum was combined with drawing 8 , and was 
lown. The exchange bias magnetic field of all samples is as-depo by heat-treating so that more clearly than drawing 

It went up more greatly than the exchange bias magnetic field of a state. 
)072] As a result of analysis by the X diffraction, the peak by the rule phase has appeared in the X diffraction peak of 
le antiferromagnetic substance film in which the crystal structure of a face-centered cubic system is shown in the 
witched connection film after heat treatment, the rule phase generated in the antiferromagnetic substance film which 
onsists of an IrMn alloy with heat treatment, and it was checked that the switched connection force increases. 
3073] From the antiferromagnetic substance film of the composition which serves as a ferromagnetic film of the 
omposition which becomes example 4 (Co0.9Fe0.1)100-xPdx Ir25Mn75, the laminating was carried out completely 
ike the example 1, and the switched connection film was formed. 
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•74] Furthermore, as a result of changing the loadings x of Pd in a ferromagnetic film from 0 between 20at(s)% and 
iluating the switched connection force of those switched connection films, in proportion to the loadings of Pd, the 
rease in an exchange bias magnetic field was accepted. 

175] an example 5 - Ir25Mn75 which has the crystal structure of a face-centered cubic system in this example - the 
gnetoresistance-effect element of this invention was created using the switched connection film of the 
iferromagnetic substance film and ferromagnetic film which consist of an IrMn alloy of composition Drawing 10 is 
iwing of longitudinal section of this magnetoresistance-effect element. 

)76] Thickness formed [ as Co90FelO film (3nm and 2nm) and an antiferromagnetic substance film 8 ] Cu film 
iose thickness is 3nm as ferromagnetic films 5 and 7 using Si wafer with which the front face was oxidized thermally 
a substrate 4, respectively as Ir25Mn75 film whose thickness is 8nm, and a nonmagnetic body membrane 6. from 
83Ptl7 whose thickness of Co88Zr5Nb7 film whose thickness of the inside of drawing and the high resistance soft- 
ignetism films 9 and 10 is lOnm, respectively, nickel80Fe20 film whose thickness is 2nm, Cu film whose thickness 
an electrode 1 1 is 0.1 micrometers, and the hard film 12 is furthermore 40nm, and Ti of 8*20nm of protective coats - 
coming . 

)77] in addition, Co81Fe9Pd [ in / the switched connection film of an example 1 / in each of Co90FelO films formed 
re ]10 - a film - the crystal structure of a face-centered cubic system was formed like the ferromagnetic film of 
mposition 

)78] Moreover, in creation of a magnetoresistance-effect element, membrane formation of the ferromagnetic films 5 
d 7, the nonmagnetic body membrane 6, and the antiferromagnetic substance film 8 was performed in the magnetic 
:ld, heat treatment in a magnetic field was performed further, and the 1 direction anisotropy was given to the 
itched connection of the antiferromagnetic substance film 8 and the ferromagnetic film 7. 

D79] Moreover, while it heat-treated after forming membranes in a magnetic field, and giving the uniaxial magnetic 
isotropy also about the high resistance soft-magnetism film 9, the uniaxial magnetic anisotropy was strengthened 
ach more by magnetizing the hard film 12. Although it was the annealing condition, furnace cooling was carried out, 
:er raising temperature and holding to 250 degrees C for 1 hour in the static magnetic field which applied the 
agnetic field to the easy axis of a lower magnetic layer. The direction of a magnetic field was rotated in the easy shaft 
d the right-angled direction at the temperature of 210 degrees C under the furnace cooling. According to the usual 
miconductor process, element processing was performed at the last, and the magnetoresistance-effect element of this 
vention was obtained. 

080] When the magnetic field was impressed to this magnetoresistance-effect element from the exterior and the 
agnetic field responsibility was investigated, the magnetoresistance-effect element which used the gamma-FeMn 
loy for the antiferromagnetic substance film, and the output by which it was stabilized more than equivalent were 
>tained, and, in addition, generating of the Barkhausen noise accompanying magnetic-domain-wall movement was 
)t able to be seen, either. 

€81] And the blocking temperature in that the thermal resistance of an antiferromagnetic substance film is better than 
e case where a gamma-FeMn alloy is used for an antiferromagnetic substance film, and a switched connection film is 
gh, and it originated in the switched connection force being large, and the magnetoresistance-effect element of the 
gh sensitivity from which the stable output is obtained was able to be created with the very sufficient yield. 
►082] an example 6 ~ Ir20Mn80 which has the crystal structure of a face-centered cubic system in this example ~ the 
agnetoresistance-effect element of this invention was created using the switched connection film of the 
itiferromagnetic substance film and ferromagnetic film which consist of an IrMn alloy of composition Drawing 10 is 
rawing of longitudinal section of this magnetoresistance-effect element. 

)083] Thickness formed [ as Co90FelO film (3nm and 2nm) and an antiferromagnetic substance film 8 ] Cu film 
hose thickness is 3nm as ferromagnetic films 5 and 7 using Si wafer with which the front face was oxidized thermally 
s a substrate 4, respectively as Ir20Mn80 film whose thickness is 8nm, and a nonmagnetic body membrane 6. from 
:o83Ptl7 whose thickness of Co88Zr5Nb7 film whose thickness of the inside of drawing and the high resistance soft- 
lagnetism films 9 and 10 is lOnm, respectively, nickel80Fe20 film whose thickness is 2nm, Cu film whose thickness 
fan electrode 1 1 is 0.1 micrometers, and the hard film 12 is furthermore 40nm, and Ta of 8 ? 20nm of protective coats - 
becoming . 

)084] in addition, Co81Fe9Pd [ in / the switched connection film of an example 1 / in each of Co90FelO films formed 
ere ] 10 ~ a film - the crystal structure of a face-centered cubic system was formed like the ferromagnetic film of 
omposition 

3085] Moreover, in creation of a magnetoresistance-effect element, membrane formation of the ferromagnetic films 5 
nd 7, the nonmagnetic body membrane 6, and the antiferromagnetic substance film 8 was performed in the magnetic 
ield, heat treatment in a magnetic field was performed further, and the 1 direction anisotropy was given to the 
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itched connection of the antiferromagnetic substance film 8 and the ferromagnetic film 7. 

>86] Moreover, while it heat-treated after forming membranes in a magnetic field, and giving the uniaxial magnetic 
sotropy also about the high resistance soft-magnetism film 9, the uniaxial magnetic anisotropy was strengthened 
ch more by magnetizing the hard film 12. The annealing condition was the same as the case of an example 5. 
cording to the usual semiconductor process, element processing was performed at the last, and the 
gnetoresistance-effect element of this invention was obtained. 

)87] When the magnetic field was impressed to this magnetoresistance-effect element from the exterior and the 
gnetic field responsibility was investigated, the output by which it was stabilized more than the magnetoresistance- 
ect element which used the gamma-FeMn alloy for the antiferromagnetic substance film was obtained, and, in 
iition, generating of the Barkhausen noise accompanying magnetic-domain-wall movement was not able to be seen, 
her. 

)88] And the blocking temperature in that the thermal resistance of an antiferromagnetic substance film is better than 
; case where a gamma-FeMn alloy is used for an antiferromagnetic substance film, and a switched connection film is 
;h, and it originated in the switched connection force being large, and the magnetoresistance-effect element of the 
rh'sensitivity from which the stable output is obtained was able to be created with the very sufficient yield. 
)89] Furthermore, the same magnetoresistance-effect element was completely produced and each sensitivity and 
lability were evaluated. The magnetoresistance-effect element which the ferromagnetic films 5 and 7 specifically 
oth ] become from Co90FelO film, Three kinds of the magnetoresistance-effect element which both the 
xomagnetic films 5 and 7 become from nickel80Fe20 film, and the magnetoresistance-effect element which the 
romagnetic films 5 and 7 become from nickel80Fe20 film and Co90FelO film, respectively are prepared. The 
;istance rate of change per unit magnetic field, i.e., sensitivity, and the diffusion start temperature which diffusion 
gins to produce between the bottom ferromagnetic films 5 and 7 of heating and the nonmagnetic body membrane 6 
jre measured. 

090] A result is shown in drawing 1 1 . 

091] From drawing 1 1 , it is distinct that resistance rate of change and heat-resistant temperature improve by using a 
)Fe alloy for a ferromagnetic film. Moreover, by the switched connection film by which laminating formation of the 
rromagnetic film which consists of a CoFe alloy was carried out with the antiferromagnetic substance film, when 
acking temperature was also higher than the case where a NiFe alloy is used for a ferromagnetic film, about 40-50 
:grees C and Co system alloy which has the crystal structure of a face-centered cubic system on a ferromagnetic film 
this invention was used, it became clear that sensitivity and the magnetoresistance-effect element which was [ yield / 
anufacture / especially / reliability, ] excellent over a long period of time can be obtained 

092] Moreover, when it uses for the ferromagnetic film 5 NiFe, the orthogonalization annealing temperature in the 
se of orthogonalization annealing required as an element can be set up highly, and the property of an IrMn system 
m with high blocking temperature can fully be pulled out. 

093] The switched connection film which becomes drawin g 1 from the antiferromagnetic substance film in which 
>mposition is shown, and a ferromagnetic film was produced by forming membranes in a magnetic field in the state 
here the substrate is not heated, using example 7RF magnetron-sputtering equipment. Specifically, the front face 
►rmed the ferromagnetic film 2 which consists of Co90FelO with a thickness of 5nm, and the antiferromagnetic 
ibstance film 3 which consists of 100(Ir0.25Mn0.75)-yFey with a thickness of 15nm one by one on the sapphire C 
ibstrate 1 whose number is C. In this example, content y atomic-ratio % of Fe in the antiferromagnetic substance film 
was set up with 0, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, and 70. 

)094] About each obtained switched connection film, the crystal structure and its orientation direction were 
tvestigated according to the X diffraction. Consequently, both an antiferromagnetic substance film and a 
;rromagnetic film are the face-centered cubic system crystal structures, and carrying out orientation (111) was 
iccked. 

)095] Next, the incidence rate of the corrosion pit when leaving a switched connection film underwater about each 
bitched connection film one whole day and night as the exchange bias magnetic field which shows the switched 
Dnnection force, blocking temperature, and corrosion resistance was investigated. 

)096] The relation between the Fe content y and blocking temperature is shown in the Fe content y in 100-yFey which 
)rms the antiferromagnetic substance film 3 in d rawin g 12 (Ir0.25Mn0.75), the relation of an exchange bias magnetic 
eld, and drawing 13 , and the relation about the incidence rate of the Fe content y and a corrosion pit is shown in 
rawing 14 , respectively. In addition, the value acquired as comparison by the switched connection film which used 
amma-FeMn for each drawing as an antiferromagnetic substance film is shown. 

3097] As shown in drawing 12 , the exchange bias magnetic field is larger than the case where peak value was shown 
t the time of y= 20, and gamma-FeMn is used as an antiferromagnetic substance film in the range of 0< y<40. 



Page 10 of 12 



98] About blocking temperature, it goes up as are shown in drawing 13 and y becomes small, and in the range of y< 
it is higher than the case where gamma-FeMn is used as an antiferromagnetic substance film. 
99] as shown in drawing 14 , so that y is small about corrosion resistance -- good — the amount of y — it is better 
n the case where gamma-FeMn is used as an antiferromagnetic substance film, irrespective of how 
00] The above result showed that the switched connection film the Fe content y in an antiferromagnetic substance 
a excelled [ film ] in the switched connection force, blocking temperature, and all corrosion resistance properties in 
range of 0< y<30 was obtained. 

01] In addition (Irx'Mnl-x 1 ), 100-yFey In the case of the switched connection film in which the value of x was with 
iferromagnetic substance films other than 0.25, the same result was obtained. 

02] The switched connection film which has the structure shown in drawing lS was produced by forming 
mbranes among a magnetic field in the state where the substrate is not heated, using example 8RF magnetron- 
ittering equipment. Specifically, the Fe layer 13 Co ferromagnetic film 12 with a thickness of 5nm and whose 
ckness are lnm, and the antiferromagnetic substance layer 14 which consists of Ir25Mn75 with a thickness of 15nm 
re formed one by one on the silicon on sapphire 1 1 the number of front faces is [ silicon on sapphire ] C. An 
:hange bias magnetic field and blocking temperature were measured in this stage. 

,03] Next, it heat-treated in the 5-hour magnetic field at 290 degrees C in the vacuum. An exchange bias magnetic 
Id and blocking temperature were again measured in this stage. It was checked that Fe concentration is high by the 
erface side with the Fe layer 13 of the antiferromagnetic substance film 14, and Fe from the Fe layer 13 to the 
tiferromagnetic substance film 14 is spread about the obtained switched connection film when the composition 
itribution of the direction of thickness is investigated by the Auger spectroscopy. Consequently, composition of the 
tained antiferromagnetic substance film 14 was set to 92(Ir0.25Mn0.75) Fe8. 

104] The exchange bias magnetic field and blocking temperature which are before and after heat treatment and were 
sasured are shown in Table 1. In Table 1, the result about the switched connection film which carried out the 
ninating of Co ferromagnetic film and the gamma-FeMn antiferromagnetic substance film is also written together. 
105] As shown in Table 1, as compared with the switched connection film which used the gamma-FeMn 
tiferromagnetic substance film by the switched connection film after heat treatment, an exchange bias magnetic field 
large and blocking temperature is far high. In addition, in the case of the switched connection film in which the value 
x 1 of Irx'Mnl-x 1 was with antiferromagnetic substance films other than 0.25, the same result was obtained. 
106] 
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he switched connection film which has the structure shown in drawjngj 5 was produced by forming membranes 
nong a magnetic field in the state where the substrate is not heated, using example 9RF magnetron-sputtering 
juipment. Specifically, Co ferromagnetic film 12' and thickness with a thickness of 5nm formed the Fe layer 13 
hich is lnm, and the antiferromagnetic substance layer 14 with a thickness of 15nm which becomes 80 
rO.25MnO.75) Fe20 in silicon-on-sapphire 1 l'up [ the number of front faces is / up / C ] one by one. The exchange 
ias magnetic field and blocking temperature of a switched connection film which were obtained were measured. 
) 107] An exchange bias magnetic field and blocking temperature with the case where it is not made to intervene with 
le case where the Fe layer 13 is made to be placed between Tables 2 are shown. Also in this case, the result about the 
witched connection film which carried out the laminating of Co ferromagnetic film and the gamma-FeMn 
ntiferromagnetic substance film as comparison is also written together. As shown in Table 2, the switched connection 
jrce is large also before heat treatment by making the Fe layer 13 intervene. Moreover, it is still larger after heat 
eatment. Furthermore, as compared with the switched connection film using the gamma-FeMn antiferromagnetic 
ubstance film, an exchange bias magnetic field is large and blocking temperature is far high. In addition, in the case of 
ae switched connection film in which the value of x' of Irx'Mnl-x' was with antiferromagnetic substance films other 
tian 0.25, the same result was obtained. 
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e switched connection film which has the structure shown in drawing 16 was produced by forming membranes 
ong a magnetic field in the state where the substrate is not heated, using example 10RF magnetron-sputtering 
jipment. Specifically, the front face formed the antiferromagnetic substance layer 23 which consists of a Co90Fel0 
romagnetic film 22 with a thickness of 5nm and Ir25Mn75 with a thickness of 15nm one by one on the silicon on 
>phire 21 whose number is C. An exchange bias magnetic field and blocking temperature were measured in this 
ge. 

109] Next, it heat-treated at 290 degrees C in the vacuum for 5 hours. An exchange bias magnetic field and blocking 
nperature 'were again measured in this stage. It was checked that Fe concentration is high by the interface side with 
5 ferromagnetic film 22 of the antiferromagnetic substance film 23, and Fe is spread from the ferromagnetic film 22 
the Ir25Mn75 antiferromagnetic-substance film 23 about the obtained switched connection film when the 
tnposition distribution of the direction of thickness is investigated by the Auger spectroscopy. Consequently, 
mposition of the obtained antiferromagnetic substance film 23 was set to 99.5(Ir0.25Mn0.75) Fe0.5. 
110] The exchange bias magnetic field and blocking temperature which are before and after heat treatment and were 
sasured are shown in Table 3. In Table 13, the result about the switched connection film which carried out the 
ninating of a Co81Fe9Pdl0 ferromagnetic film and the gamma-FeMn antiferromagnetic substance film is also 
itten together. 

1 1 1] As shown in Table 3, as compared with the switched connection film which used the gamma-FeMn 
tiferromagnetic substance film by the switched connection film after heat treatment, an exchange bias magnetic field 
large and blocking temperature is far high. In addition, in the case of the switched connection film in which the value 
x f of Irx'Mnl-x' was with antiferromagnetic substance films other than 0.25, the same result was obtained. 
112] 
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y the same method as example 1 1 example 6, the switched connection film was produced using the antiferromagnetic 
ibstance film which added nickel, Cu, Ta, Hf, Pd, Ti, Nb, and Cr at a 10at(s)% rate, respectively to 80(IrO.25Mn0.75) 
e20. Each obtained switched connection film was left underwater one whole day and night, and the incidence rate of a 
Dirosion pit was investigated. This result is shown in Table 4. 
fable 4] 
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. Table 4 shows, it turns out that corrosion resistance of the switched connection film using the antiferromagnetic 
^stance film which added each above-mentioned element is improving further rather than the switched connection 
oi using the additive-free antiferromagnetic substance film. 

L 13] In example 13 this example, the magnetoresistance-effect element shown in drawing 17 was produced, 
•ecifically, on the thermal oxidation layer 32 formed in the front face of a silicon substrate 31, after forming the 
>83Ptl7 hard film 33 with a thickness of 40nm, the part was removed alternatively and the thermal oxidation layer 32 
a ground was exposed partially. 15nm in Co88Zr5Nb7 film 34 whose thickness is lOnm on it, nickel80Fe20 film 35 
lose thickness is 2nm, the Co90FelO ferromagnetic film 36 whose thickness is 4nm, the Cu film 37 whose thickness 
3nm, the Co90FelO ferromagnetic film 38 whose thickness is 3nm, and thickness (Ir0.25Mn0.75) The 80Fe20 
tiferromagnetic-substance film 39 and the Ti protective coat 40 with a thickness of 20nm were formed one by one. 
irthermore, with a thickness of 0.1 micrometers Cu electrode 40' was formed and processed. 
1 14] In addition, after heat-treating in a magnetic field, the hard film 33 was magnetized. Heat treatment among a 
agnetic field gave the 1 direction anisotropy to combination with the antiferromagnetic substance film 39 and the 
rromagnetic film 38, and the uniaxial anisotropy was given to Co88Zr5Nb7 film 34, nickel80Fe20 film 35, and the 
390FelO ferromagnetic film 36. Annealing conditions were the same as the example 5. 

115] When the magnetic field was impressed to this magnetoresistance-effect element from the exterior and the 
agnetic field responsibility was investigated, the magnetoresistance-effect element which used the gamma-FeMn 
loy for the antiferromagnetic substance film, and the output by which it was stabilized more than equivalent were 
)tained, and, in addition, generating of the Barkhausen noise accompanying magnetic-domain-wall movement was 
)t accepted, either. 

•116] And since corrosion resistance was high and blocking temperature was higher than the case where a gamma- 
sMn alloy is used, the yield of the 80(Ir0.25Mn0.75) Fe20 antiferromagnetic- substance film 39 also improved 
Larply. 

H 17] The same magnetic resistance element produced in the example 14 examples 4, 5, 1 1, and 12 and the element of 
ie same structure were produced on aluminum203-TiC substrate 41', the lower shield film 41, and the lower gap film 
2, and on it, the upper gap film 43 and the upper shield film 44 were formed, as further shown in drawing 18 . This 
roduced the reproducing head. Since the head using the IrMn system had high corrosion resistance, and it was 
Drrosion, in FeMn, it was able to make possible 0. 1 -micrometer depth (depth) which was not able to be processed, and 
as able to obtain the big reproduction output. 
)118] 

Effect of the Invention] As explained in full detail above, the switched connection film of this invention has the good 
bitched connection force, and is excellent also in corrosion resistance and thermal stability. 

)1 19] Furthermore, the magnetoresistance-effect element possessing this switched connection film can continue and 
btain the stable output at a long period of time, and the industrial value is very large. 
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